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PREFACE. 

This volume may be considered as a sequel to ** Bridge and 
Structural Design," a previous work of the author's; and, like 
it, has been developed from lectures given by him tmder the 
auspices of the Dominion Bridge Company. The structures 
treated of represent the commonest types of railway bridges, 
and were chosen because they seemed best suited to illustrate 
the problems which occur most frequently to the bridge de- 
signer. They include the following: a 60-ft. Deck Plate-Girder, 
a 100-ft. Deck Warren Girder, a 150-ft. Through Pratt Truss, 
a 200-ft. Through Pratt Truss with curved top chord, a 170-ft. 
Swing Bridge, and a Railway Viaduct. 

At the outset, a general specification has been given govern- 
ing the loads, imit stresses, and such other details as require 
the attention of the designer. This is followed by tables for 
the permissible unit stresses in columns, and for the rivet 
values used in the designs. After which, instructions have been 
given for constructing the moment-diagram which is employed 
in computing the bending moments and shears for wheel-loads. 
The author has found the moment-diagram to be the most satis- 
factory method of dealing with wheel-loads, as it affords a rapid 
and reliable solution, and significant errors are less likely to 
occur with its use than with that of any form of moment table. 

The designs of the different structures are then considered 
in detail. Commencing with the main dimensions of the 
structure to be designed, and stating the loads which it has to 
carry, the stresses in the various members are first determined. 
The dimensions of these members are then computed, and the 
details are carefully worked out. In this connection, some 
knowledge of the strength of materials has of necessity been 
assumed; but the numerical calculations are given in detail, 
so that each design is complete in itself. With each design 
there is an estimate of the weight of the completed structure. 

The inclusion of the estimated weights of the structures is 
an important feature of the book, as estimating forms a large 
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iv PREFACE. 

part of the work of the designer. Where detail drawings are 
given, the estimates have been figured very closely, and the 
relative weights of main material and of details are thus accu- 
rately obtained. In other cases, a percentage of the weight 
of the main material in trusses has been added for details. 
The method of determining this percentage has been clearly 
demonstrated. 

The last chapter is devoted to ** The Latticing of Compression 
Members." This subject is treated from the point of view that 
the lattice-bars are required to develop the bending stress due 
to flexure assumed by the particular column formula adopted. 
The author trusts that the book may be of service to those 
in actual practice, as well as to students and draftsmen who 
are less familiar with the methods used in designing offices. 
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INTRODUCTORY. 



The structures considered in the following pages have been 
designed, mainly, in accordance with the Dominion Govern- 
ment specification of 1901, extracts from which are given 
herewith. A few of the clauses in this specification appear, 
at first sight, more or less arbitrary, and require some ex- 
planation. 

Live-Load. — The live-load here specified is one of several 
classes and is not advocated as a standard, as it would be too 
light for some railways and too heavy for others; but, for the 
purpose of illustrating the methods of designing bridges, it is 
as satisfactory as any. 

Impact. — It is generally conceded that a moving load on a 
structure induces in it greater stresses than a fixed one; and, 
although it is difficult, if not impossible, to determine these 
stresses exactly, they may be approximated within reasonable 
limits. 

It can be shown that a load suddenly applied to a structure 
has twice the effect it would have if applied slowly. Owing 
to this fact, many specifications allow just one-half the imit 
stress for live-load stresses which they allow for dead-load 
stresses. This method of providing for the effect of impact 
was first employed by Mr. Theodore Cooper, and was a great 
step in advance of the older method of treating dead-load and 
live-load stresses identically. 

But a train rolling over a bridge is hardly a parallel case to 
that of a suddenly-applied load. Experiments, made by Pro- 
fessor Tumeaure (Transactions, American Society of Civil En- 
gineers, Vol. XLI, page 410), show that the maximum increase 
of stress in very short spans due to the impact and vibrations 
caused by a train moving at high speed does not exceed 45% of 
the stress due to the same load when stationary; and, for spans 

1 



2 RAILWAY BRIDGES. 

of 200 ft., this increase is only about 20%. Then, if the total 
increase of stress in very short spans (or in members where the 
ilead-load stress = 0), be taken at 100% of the live-load stress, 
and reduced by some satisfactory formula for longer spans (or 
for members in which the dead-load stress is proportionately 
j^reat), it would seem to bo ample to cover all contingencies. 
Cooper's method, which practically adds 100% for impact in 
all cases, makes the longer spans too heavy in comparison with 
the shorter ones. 

Some specifications really provide for the impact stresses by 
the use of the Launhardt formula, which gives a different unit 
stress for each case, depending on the maximum and minimum 
stresses. This method is not onlv cumbersome but irrational, 
being based on the theory of the fatigue of metals which, ac- 
cording to Wohler's experiments, never occurs in a properly- 
designed bndge where the stresses are well \N'ithin the elastic 
limit. The results, however, are satisfactorv. so far as the 
main members of a bridge are concerned; but decidedly unsat- 
isfactory in regard to the details, where the impact stresses are 
ignored. 

The more reas( liable, as well as the more conven^'ent, method 
is to add the impact stresses to those of the dead- and live- 
loads, and use a uniform unit stress, as for all dead-load. Mr. 
Waddell, in ** De Pontibus,'* says: *' The impact method of 
proportioning bridges is the only ratiimal and scientifically 
practical method of designing, even if the amounts of impact 
assumed be not ahsohitely correct ; for the method carries the 
effect of impact into every detail and group of rivets, instead 
of merely affecting the sections of the main members, as do the 
other methods in common use." 

There are several n\ctlio«!s in use for ct>mi>uting the impact 
stresses. I'irst , by fixed percentages of the live-load stresses 
for th(* various members of a britlge; \vhiv'h method is incon- 
venient, as it re<piires a table; and unsatisfactor\ because the 
I)ercentages are usually arl»itrary. Second, by a formula taking 
into account the lenv;tli of live lojnl whirh ]>roduces the max- 
imum stress in a menilx'r, such as that of the American Bridge 
Co.. viz.: 

/.I aoo • 



INTRODUCTORY. 3 

in which 7 = impact to be added to the live-load stress. 
5 = calculated maximum live-load stress. 
L =» length in feet of the loaded distance which pro- 
duces the maximum stress in each member. 

Third, by a formula depending on the ratio of the live-load 
stress to the total stress in a member, such as that given in the 
following specifications, viz.: 

7 = 



L+D' 



in which 7 « impact stress. 
L = live-load stress. 
D = dead-load stress. 

This formula seen:is more rational, as it gives smaller impact 
stresses in a bridge with a heavy ballast floor than in a bridge 
of the same span, but having only an ordinary timber floor; 
whereas, by the American Bridge Co.'s formula, the impact 
stresses would be the same in both cases. It is also simpler to 
apply. It was first proposed by Mr. H. S. Prichard, Engineer, 
New Jersey Steel and Iron Company, in 1895; and later by Mr. 
E. H. Stone in his paper on the ** Determination of the Safe 
Working Stresses for Railway Bridges " (Transactions, American 
Society of Ci\^l Engineers, Vol. XLI, page 486). Furthermore, 
it was strongly advocated by Mr. J. W. Schaub in a paper en- 
titled *' Proposed Specifications for Steel Railroad Bridges," 
and published in the Journal of the Western Society of Engi- 
neers, October, 1900; and it was generally upheld in the discus- 
sion. 

For reversed stresses, the author has slightly modified the 
formula in order to simplify its application. 

Centrifugal Force. — The coefficient 0.02 for centrifugal force is 
'based on an assumed speed of 40 miles per hour on curves up 
to and including those of 5° of curvature. This coefficient is 
reduced 0.001 for every degree of curvature above 5°, on the 
assumption that the speed will be correspondingly decreased. 
It is obtained from the well-known formula: 
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in which C -» centrifugal force. 
W = load. 

V = velocity of load in feet per second. 
R = radius of curve in feet. 
g =» acceleration of gravity = 32 feet per second. 

Thus, for a 1*^ curve, the radius = 5,730 ft., and the velocity 
— 40 jni. per hour = 59 ft. per sec. Then 

^ Rg 5,730X32 ""- ^'^ • 

Therefore, the coefficient for centrifugal force =« 77? —0.02. 

For a 10*^ curve, the radius = 5,730-^ 10 = 573 ft. (about), and 
the coefficient for centrifugal force, according to specification. 
= [0.02 - (0.001 X 5) ] X 10 = 0. 15. The corresponding speed is ob- 
tained from the equation 

0.15 = 



Rg 673X32' 

^^hcnce 

v", = 0.15X573X32 = 2.750, and 

V = 52.4 ft. per sec. =» 35.7 mi. per hr. 

The centrifugal force is considered as part of the live-load 
in computing the impact. 

Longitudinal Force. — The frictional resistance to sliding of 
wheels on the rails is about 20% of the load. Therefore, this 
is assumed to be the maximum longitudinal force which a train 
can exert on a structure. When a train is running freely only 
the driving-wheels of the engine impart this longitudinal force, 
which acts in the opposite direction to that in which the train 
is moving; but, when brakes are put on, every wheel to which 
the brakes are applied vdW tend to drag the rails in the same 
direction in which the train is moving. Thus the latter con- 
dition usually gives the greatest longi'^^udinal force. 

Combined Direct and Bending Stresses. — When the ties are 
supported directly by the top chords of a bridge, these top 
chords are con tinuous^ girders over many points of support, and 
the bending moments due to the wheel-concentrations are 
difficvdt to compute accurately. Therefore, in order to simplify 
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the calculations, the specification requires that the bending 
moments, both at the panel-points and at the center of panels, 
shall be assumed equal to three-fourths of the maximum bending 
moment computed for a simple span of one panel length. This 
rule, though arbitrary, is entirely on the safe side; and yet it 
will add very little more to the total section of the chord than 
would be the case if the bending moments were figured more 
exactly. In proportioning the chords for bending, the distance 
from the center of gravity of the section to the extreme outer 
fibers should be used (whether top or bottom) instead of the 
distance to the top fibers, as more commonly stated; because, 
at the panel-points, the bending moments cause compression 
below the neutral axis, whereas, at the centers of panels, they 
induce compression above the axis. 

Unit Stresses. — For tension and compression, 16,000 lbs. per 
sq. in. is allowed, which is about one-half the elastic limit of 
mild steel, thus giving a factor of safety of 2. For compression, 
the imit stress of 16.000 lbs. per sq. in. is reduced by Rankine's 
formula, using 18,000 in the denominator for fixed ends; 12,000 
for one fixed and one pin end; 9,000 for two pin ends. Both 
theory and practice go to show that the results obtained by 
this formula are more nearlv correct than those obtained bv 
any straight-line formula; and the only argument in favor of 
the latter form seems to be that it is easier to apply. But, when 
a table is used, similar to that folloA^ing the specification here- 
with, the Rankine formula is as convenient as any other. In 
this table (Table I) / = the length of column in feet, and r = 
the least radius of gyration in inches. Then, to find the per- 
missible unit stress for a given case, it is only necessary to select 

the value corresponding to the ratio — . Many modem speci- 
fications treat fixed and pin ends identically. This does not 
seem quite reasonable, as a striit firmly riveted at the ends 
is undoubtedly much stiffer than one merely connected by 
pins. For the theory of columns, the reader is. referred to 
** The Theory and Practice of Modem Framed Structures," by 
Messrs. Johnson, Bryan, and Tumeaure. 

The bearing values on masonry, and the permissible fiber- 
stresses for timber may appear rather high at first sight, but 
it must be remembered that they are to be used in connection 
with the impact formula. 
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Plate-Girders. — The specification allows one-eighth of the area 
of web-plate to be taken as equivalent flange-area, which may 
be explained as follows: 

The gross section modulus of the rectangular web-plate 

hh' hh . A , 

in which h = thickness of web- plate. 
h = height of web-plate. 
A = fc fe = area of web-plate. 

Making allowance for vertical Irnes of rivet-holes, one inch in 
diameter and four inches center to center, the net section mod- 
ulus of the web-plate will be equal to one-eighth of its area 
multiplied by its height. 

The net section modulus of the flanges = F //, 
in which F = net area of one flange. 

h = distance center to center of gravity of flanges, 
and usually assumed to be equal to the height 
of web-plate when flange-plates are used. 
Then, the total net section modulus of girder 



= (^;,)+(f;o=(-^ + f)/,. 



That is to say, the total net section modulus is equal to one- 
eighth of the area of web-plate plus the net area of one flange, 
multiplied by the distance center to center of gravity of flanges. 

Over the end-bearings and at points of concentrated loading, 
the stiffcners act as columns. In the first case, the load is re- 
ceived from the web-plate and transmitted to the shoe-plates; 
in the second case, it is applied at the top of the stiffeners and 
transmitted to the web-plate. The principal duty of the inter- 
mediate stiffeners is to prevent the wcb-plate from buckling, 
and to serve as connections for the bracc-framcs. Mr. Schaub, 
in his paper already referred to, has shown that, if the load 
were suspended below the bottom flange, no intermediate stiff- 
eners would be required whatever. Ilis conclusions in this 
matter were drawn from the following simple experiment, which 
anyone can easily verify. 
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A plate-girder model was made of drawing paper, about 15 
inches long and 3 inches deep, with two flange-angles top and 
bottom, and the web-plate projecting below the bottom flange 
so that loads could be suspended by means of hangers. The 
girder was supported at the ends, and the top flange stayed 
to prevent crippling sidewise. It was then found that loads 
could be suspended from the hangers with perfect safety which 
could not be placed on top of the girder without buckling the 
web. Furthermore, the web would stiffen up at once, and, 
although it was already carr^'ing the suspended Joads, addi- 
tional loads could then be placed on top without causing it to 
buckle. 

Extracts from Dominion Government Specification of 

1901 FOR Steel BCailway Bridges. 

1. Cross-Ties. — The ties for deck spans, without stringers, 
shall be at least 8 x 12 ins., or of such depth that a load of 60,000 
lbs. on a pair of driving-wheels, distributed over three ties, will 
not give a greater fiber-stress than that specified hereafter. 
They shall be 14 ft. long, and spaced 12 ins. center to center. 

The ties for through-truss spans shall not be less than 8x8 
ins. when there are four lines of stringers per track, nor 8x10 
ins. when there are but two lines. They shall be 14 ft. long, 
and spaced 12 ins. center to center. 




CLtARKiHct Diagram 

2. Widths. — The width, center to center of through trusses, 
shall not be less than one-twentieth or span; and, for deck 
trusses, the width shall not be less than one-fifteenth of span, 
nor less than 10 ft. 

3. Clearances. — The clear open section shall be, on straight 
track, not less than shown on accompanying diagram. On 
curved tracks the clear width must be increased to provide the 
same minimum clearance between cars and trusses. 

4* Dead-Load. — The dead-load shall be the weight of the 
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entire structure, including the floor system; which latter, con- 
sisting of the ties, guard-timbers and rails, shall generally be 
assiuned at 600 lbs. per lin. ft. of track. 
6. Live-Load. — 

Mill iiii Mill lill Uniform tcod45oolU 

^ QQPQ 9999/9 QPQQ 9099 




or 120,000 lbs. on two axles 7 ft. apart, when this latter loading 
gives greater stresses. 

6. Impact. — For members stressed in one direction only (all 
tension or all compression), the effect of impact and vibration 
shall be added to the dead- and live-load stresses, computed 
by the formula 

in which I = impact stress. 
L = live-load stress. 
D =« dead-load stress. 

For members subject to alternate live-load stresses, the 
impact shall be computed by the formula 

- _ range^ 



max. 



in which range = the niunerical sum of the alternate live-load 

stresses. 
max, «= the maximum stress due to dead- and live- 
load which can occur at one time. 

This impact shall be considered either as tension or com- 
pression, and shall be added to the algebraic sum of the dead- 
load stress and the live-load tension, or the dead-load stress and 
the live-load compression. Members shall be proportioned for 
whichever case requires the greater section. 

7. Wind Force. — The lateral bracing in the plane of the un- 
loaded chord shall be proportioned for a wind force of 150 lbs. 
per lin. ft., uniformly distributed. The lateral bracing in the 
plane of the loaded chord shall also be proportioned for a uni- 
formly distributed wind force of 150 lbs. per lin. ft., and an 
additional force of 400 lbs. per lin. ft., to be considered as a 
moving load and applied 8 ft. above base of rail. 
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For plate-girders, the lateral bracing shall be proportioned 
to resist a wind pressure of 30 lbs. per sq. ft. on the exposed 
surface of one girder and floor, and a moving force of 300 lbs. 
per lin. ft. 

For trestles, the bracing and posts of towers shall be propor- 
tioned for a wind force of 300 lbs. per lin. ft., applied 8 ft. above 
base of rail; also for a force of 30 lbs. per sq. ft. against 
the exposed surface of one girder and floor, when the structure 
is loaded, and 50 lbs. per sq. ft. when the structure is unloaded ; 
a force of 225 lbs. per ft. of height on the bents when the struc- 
ture is loaded, and 375 lbs. per ft. of height when the structure 
is unloaded. 

8. Centrifugal Force. — Centrifugal force for structures on 
curves shall be taken at 0.02 of the live-load for each degree of 
curvature up to five degrees. This coefficient (0.02) shall be 
reduced 0.001 for every degree of cur\'ature above five degrees. 
The force shall be assumed to be applied at a height of five 
feet above base of rail. 

9. Longitudinal Force. — For trestles, the longitudinal force 
which is applied to the rails by the traction of engines, or by 
the sudden application of brakes to a moving train, shall be 
taken into account. This longitudinal force shall be assumed 
at 20% of the live-load on structure. 

10. Counters. — For counters, 70^y only of the dead-load stress 
shall be assumed to counteract the live-load stress. This rule 
is intended to provide for a possible future increase in the live- 
load. 

11. Combined Direct and Bending Stresses. — When members 
are subject to bending moments as well as direct stresses, they 
shall be designed to resist the combination of the two. In 
spans ^^dth ties resting directly on the chords, the bending mo- 
ment at center of panels shall be assumed equal but opposite 
to that at the panel-points, and shall be taken at three-fourths 
of the moment figured for a simple span of one panel length. 
Impact shall be added both to the direct and to the bending 
stresses. 

12. Signs for Tension and Compression. — The minus sign shall 
be used to denote tension, and the plus sign to denote com- 
pression. 

Unit Stresses. 

13. Tension and Compression for Mild Steel, 16,000 lbs. per 
sq. in.; but, for the combination of dead-load, live-load, impact, 
and wind-force, 20,000 lbs. per sq. in. will be allowed. 

In compression, when the length of a member is less than 
thirty-six times its least radius of gyration, the above unit 
stress may be used direct; but, when the length exceeds this 
limit, the unit stress shall be reduced as follows: 
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16,0 00 
For fixed ends, /2 

^ ■*" 1 STOOO r' 

For fixed and piif end. 16, 000 

/•^ 

^"'' 12.000 r» 

For pin ends, 16.000 

/•* 
^■^Q.OOOr*'^ 

in which / = length of member in ins. 

r = least radius of gyration in ins. 

No compression member shall have a length exceeding 100 
times its least radius of gyration, except wind struts, which 
may have a length of 120 times their least radius of gyration. 

Shearing on bolts, pins, and shop rivets. . . 11,000 lbs. per sq. in. 

on web-plates of girders, 10,000 " 

Bearing on bolts, pins, and shop rivets .... 22,000 ** ** ** 
For field work, the number of rivets shall be increased 25%. 
Bending on outer fibers of pins, 25,000 lbs. per sq. in. 
Bearing on rollers per lineal inch, l,200\/diameter. 
Bearing of bed-plates on first-class masonry and Portland 
cement concrete not less than one month old: 

Concrete 400 lbs. per sq. in. 

Sandstone 300 " 

Limestone 400 *' 

Granite 500 ** " " 

Timber. — Bending on Outer Fibers. — 

White oak 1,500 lbs. per sq. in. 

Georgia long-leaf yellow pine. . 1.800 

Douglas. Oregon, and yellow fir. .1,800 
Canadian white and red pine 1,200 
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Plate-Girders. 

14. Depth. — The depth, b^fck to back of flange-angles, shall 
be from one- tenth to one-twentieth of span. 

15. Width. — The distance center to center of deck plate-girders 
shall not be less than 8 ft. Through plate-girders shall be spaced 
far enough apart to give the required clearance. 

16. Webs. — The web-plates shall not be less than f-in. thick, 
and shall have as few splices as possible. One-eighth of the area 
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of web-plates may be computed as flange material, but in this 
case the web shall be fully spliced, both for bending and shear. 

17. Flanges. — About one-half of the flange-area shall be of 
angles when practicable. 

18. Stiffeners. — When the unsupported distance between the 
flanges exceeds fifty times the thickness of web, stiffeners shall 
be used. In girders over four feet in depth, the stiffeners shall 
not be farther apart than the depth of web-plate. In girders 
under four feet in depth, they may be four feet apart. Over 
the end bearings and at points of concentrated loading, the 
stiffeners shall be designed as columns; and shall have sufficient 
rivets to transmit the total load to the web-plate. Fillers shall 
be used with these stiffeners. Intermediate stiffeners, which 
may be crimped, shall be as follows: 

For webs 3 ft. deep and under, two 3 x 2J x -j^jj-in. angles 
4 ^» " " " " 3 X 3 X iVin. 
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Floorbeams and Stringers. 

19. Spacing of Stringers. — Stringers shall be spaced in general 
8 ft. apart center to center. When there are four lines of string- 
ers, they shall be spaced 3 ft. apart. The inner lines shall be 
figured for two- thirds of the load, and the outer lines for one- 
third. 

20. End Angles. — The end-connection angles of floorbeams 
and stringers shall not be less than one-half inch thick, and 
they shall have fillers under them with at least one row of rivets 
outside those in the angles. 

21. Lateral Bracing. — The stringers shall be braced laterally 
when their length exceeds fifteen times the width of flanges. 

Details. 

22. Minimum Sections. — No material thinner than f-in. shall 
be used, whether in plates or shapes, except lattice-bars, stiff- 
eners. and wind-bracing. The latter shall not be less thail 
3 X 2^ X tV^^- angles. No rod shall have a less area than one 
square inch. 

Angles, cover-plates, and web-plates shall be as long as prac* 
ticable to avoid splicing. The unsupported width of any plate, 
subject to compression, shall never exceed thirty times its 
thickness, except for cover-plates of top chords and end posts, 
when it may be forty times its thickness. 

23. Tie-Piates and Lattice-Bars. — The open sides of all com- 
pression members shall be stayed by tie-plates at the ends,' and 
lattice-bars between. The thickness of tie-platies ihall noft be 
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less than one-fiftieth of the unsupported width, unless the edges 
are supported by angles. The length of tie-plates on each side 
of intermediate panel-points shall not be less than twelve inches; 
and, at other points, the length shall not be less than the width 
of member. 

Single lattice-bars shall have a thickness of not less thaii one- 
fiftieth of their unsupported length. The distance between 
connections of lattice-bars shall be such that the individual 
members composing column, considered as columns of a length 
equal to the distance between these connections, shall be stronger 
than the column as a whole. Ordinarily, single latticing shall 
make an angle of 60° with the axis of member, and double 
latticing an angle of 45°. 

The minimum widths of lattice-bars shall be as follows: 

For members 8 ins. deep and under, l|-in. bars shall be used. 

14 ins. ^ " " 2t-in. " 
" 20 ins. ** " '^4 -in. '' " *^ 

The 4-in. bars shall have two rivets at each end. 

24. Rivet Spacing. — The pitch of rivets shall not be less than 
three diameters of rivet, nor greater than 6 ins. At ends of 
compression members the pitch shall not be greater than four 
diameters of rivet for a distance equal to twice the depth of 
member. In flanges of girders and chords supporting the ties, 
the pitch shall not exceed 4 ins. The center of a rivet 
shall not be nearer to the edge of metal than H ins., except in 
bars under 2^ ins. wide. When practicable, the distance shall 
be at least two diameters of rivet, and it shall not exceed eight 
times the thickness of plate. The distance between centers 
of rivets in compression members shall not exceed sixteen times 
the thickness of the thinnest outside plate or shape, in line of 
stress; nor forty times the thickness, at right angles to line of 
stress. 

26. End Bearings. — All spans of 75 ft. and over shall have 
rollers at one end, not less than 5 ins. in diameter. Spans under 
75 ft. shall have planed sliding surfaces at one ^nd to allow for 
expansion. Bed-plates shall be of suihcient thickness to dis- 
tribute the load evenly over masonr}', and shall not be less 
than }-in. thick. 

Moment-Diagram. 

For finding reactions, panel-concentrations, shears, and mo- 
ments due to wheel-loads, a graphical method will be used, 
which is here recommended on account of its simplicity, accu- 
racy, and universal adaptability. The stresses obtained in this 
manner may not be quite as exact as if they were computed 
analytically, yet they are close enough for all i)ractical pur- 



RAILWAY BRIDGES. 




INTRODUCTORY. 15 

poses, and the chances of significant errors are reduced to a 
minimuiTi. A moment-diagram for a given set of wheel-loads 
can be constructed in much less time than a moment-table, its 
application is simpler, and the liability of mistakes with it is 
proportionately less. A moment-diagram can also be prepared 
more 'jasily than a table of so-called equivalent uniform loads, 
its application is quite as simple, and the results obtained by it 
are more exact. 

For analytical methods of dealing with wheel-loads, the stu- 
dent is referred to Johnson's ** Theory and Practice of Modern 
Framed Structures," before noted; and, for the theory of the 
moment-diagram, he is referred to Greene's " Graphics." 

Directions for constructing the moment-diagram are given 
herewith, as follows: 

On the line .4 B (Fig. 1), the locomotive-wheels from 1 to 18 
are spaced as shown; and these are followed by the uniform load, 
assumed to be concentrated at 5-ft. intervals. The loads, 
which are for one rail only, are given above the line; and their 
summation, below. A scale of 10 ft, to the inch will be found to 
give satisfactory results : a smaller scale is hardly accurate enough , 
and a larger one makes the diagram unwieldy. 

The force-polygon is drawn next: On a vertical line, at the 
left of the figure, the loads are laid off in regular order to a con- 
venient scale of pounds, and numbered to correspond with those 
on the line A B. The point O, which is called the pole, may be 
taken anywhere to the right of the vertical, but preferably 
about opposite its middle point, and distant from it horizontally 
some even number of pounds, measured by the same scale as 
that used for the loads. The best results will be obtained when 
the pole-distance is equal to about one-quarter the length of 
load-line. In the figure, it is taken at 150,000 lbs. From the 
pole, lines are drawn radially to the points of division on the 
load-line, representing the loads 1, 2, 3, etc. 

The equilibrium-polygon will now be constructed: Beginning 
at any point on the vertical line through wheel 1, a line of in- 
definite length is drawn to the left, parallel with the radial line 
which passes through the upper extremity of 'oad 1 in the 
force-polygon. From the same point on the vertical through 
wheel 1, a line is drawn to the right, parallel with the radial line 
which passes through the lower extremity of load 1 in the force- 
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polygon, and intersecting the vertical through wheel 2. From 
tnc last intersection, a line is drawn to the right, parallel with 
the radial line which passes through the lower extremity of 
load 2 in the force-polygon, and intersecting the vertical through 
wheel 3. And so on to the end. It should be observed that 
the lines drawn to the left and right of a vertical through a 
wheel-concentration are parallel with the- radial lines which pass 
through the upi^er and lower extremities of the corresponding 
load in the force- ])o]}'gon. 

In order to insure accurate results, the moment-diagram 
should be constructed with great care on white drawing paper, 
using fine ink-lines. Its use will be demonstrated in the fol- 
lowing chapters. 



CHAPTER II. 
THE DESIGN OF A 60-FT. DECK PLATE-GIRDER. 

The deck plate-girder is one of the commonest, as well as one 
of the most useful, types of railway bridges. It is suitable for 
spans of from about 20 ft. to 90 or 100 ft. Plate-girders con- 
siderably longer than 100 ft. have been built, but they are sel- 
dom economical. The chief advantages of the plate-girder are 
its rigidity and lasting qualities. Its rivets seldom work loose^ 
and it is easy to paint. As a permanent structure, it ranks< 
next to the masonry arch. Although comparatively simple to* 
construct, the stresses in a plate-girder are somewhat complex; 
and there are many points in its design which require careful 
attention, the greater number of which will be dealt with in 
the following example. 

One of the first things to consider in designing a bridge is 
the dead-load. The weight of the ties, guard-timbers, and rails 
can be easily calculated, or their weight is frequently specified, 
as in the present case. The weight of the metal in the structure, 
however, must be assumed, as it cannot be determined exactly 
until the design is finished; and, on completion, if it should be 
found that the actual weight differs materially from that as- 
sumed, it would be necessary to revise the computations. But 
this is seldom necessary in practice, as the weight of metal can 
usually be estimated closely enough from the known weights of 
similar structures. For the loads and unit stresses used in this de- 
sign the following formula will be found to give fairly close results: 

w = 10 /-h 100, 

in which w = weight of metal per lineal foot. 
/ = length of span in feet. 

Pot a heavier live-load, or for lower unit stresses, the factor 
(10) would have to be increased. Using this formula, the 
weight of metal in the span tmder consideration will be 

(10X60) + 100 = 700 lbs. per lin. ft. 

17 
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The principal data for the design will now be as follows: 

Length, 60 ft. c. to c. of end-bearings. 
Depth, 6 ft. back to back of flange-angles. 
Width. 8 feet c. to c. of girders. 
Dead-load (floor), 600 lbs. per Hn. ft. 

(steel), 700 ** 

(total). 1,300 " 
Live-load, as per specification. 

The dead-load shears and moments will be computed analy- 
tically by the well-known formulas given belcw: 

Reaction or end shear = --, 

Shear at intermediate section = -^r- —w %^ 

w P 
Moment at center = - -, 

o 
,. . ^ W I X W X* 

Moment at mtermediate pomt = —^ —, 

in which w = uniform load per lineal foot. 

/ = length of span, c. to c. of bearings. 
X = distance from end to point where shear or moment 
is required. 

For the present, only the end shear and the center moment ^lU 
be required. The dead-load for one girder - 1,300-^2 = 650 
lbs. per lin. ft. 

Dead-load end shear = u = 19,500 lbs. 

fi'iOyfiO^ 
Dead-load moment at center = -^ ^ = 292,000 ft.-lbs. 

For the live-load shears and moments, the moment-diagram 
(Fig. 1) will be used. A diagram of the girder should be con- 
structed on tracing cloth, to the same scale as the equilibrium- 
polygon, and divided into any number of equal panels, with 
the Danel-points lettered for reference. In the example, the 
girder is divided into ten 6-ft. panels. The tracing cloth should 
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be large enough so that the closing lines and other mai-ks can 
be made on it, and thus avoid marking on the moment-diagram. 
Maximum Reaction, or End Shear. — Since every load on the 
span contributes to the end reaction, it follows that, for the 
maximum reaction, the live-load should cover the span, with 
the heavier loads as near as possible to the end considered. 
Therefore, the first driving-wheel (wheel 2) should be placed 




— -topoiwbeffi- 60 - 

Live LofkB SHtKRS. 
FiC 2 — 60-ft. Di-ck Plau-Girder. 

over the end a. The diagram of the girder should be brought 
to this position, as shown in Fig, 2, and verticals dropped from 
the ends a and k to the equilibrium-polygon, intersecting it in 
the points a, and fe,. Then a tine drawn through these last- 
named points is the closing hne for that portion of the equili- 
brium-polygon which belongs to the loads on the span; and a 
line drawn from the pole O in force -polygon, parallel with the 
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closing line, and intersecting the vertical load-line, determines 
the reactions at both ends. The upper part, which measures 
109,000 lbs., is the reaction at a; the lower part, the reaction 
at A*, as shown. 

Having found the maximum end shear, the maximum shear at 
any point can readily be determined, with sufficient accurac}', 
by constructing a parabola with apex at k, and the maximum 
ordinate at a equal to the end shear, as shown in Fig. 2. The 
maximum live-load shear at any point will then be the ordinate 
to the parabola at that point. 

MaTJmnm Moment. — For the maximum moment, the greatest 
possible load should be placed on the span, with the heavier 
wheels near the center. Then, if the center of gravity of the 
total load on span coincide with a wheel-concentration, the 
maximum moment will occur under this wheel, when placed at 
the center of span. If the center of gravity of the load fall 
between two wheels, the maximum moment will be under one 
of these (usually the wheel nearest the center of gravity), when 
the wheel considered and the center of gravity are equidistant 
from the center line of span. It may be necessary to try both 
of the wheels adjacent to the center of gravity to determine the 
maximum moment. 

With wheel 13 at the center, as shown in Fig. 1, it is evident 
that the greatest possible load is on the span. The center of 
gravity of loads 9 to 17, inclusive, is found by extending the 
outer sides of that portion of the equilibrium-polygon which 
belongs to these loads to an intersection in the point A/, which* 
is directly below wheel 13; and, consequently, this load is at 
the center of gravity, and this position will give the maximum 
moment. Wheel IS, which is at the point of support fe, is not 
included in the above svstem of loads because it does not aflfect 
the bending moment. 

From the points of support a and k\ verticals are dropped, 
intersecting the equilibrium-polygon in a^ and fep and the 
closing line is drawn through these last-named points. Then, 
the moment at any point of the span for this position of the 
load is proportional to the ordinate, measured vertically, be- 
tween the closing line and the equilibrium-polygon ; and is equal 
to the ordinate multiplied by the pole-distance in force-polygon. 
In the example, the ordinate at the center of span measures 
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9.7 ft.; then, 9.7 ft. X 150,000 lbs, = 1,455.000 ft.-lbs., which is 
the maximum moment. 

The shears and moments will now be summarized, with the 
impacts added, according to specification. 

End Sfe^ar.— Dead-load ' = 19,500 

Live-load = 109,0(K) 

109 000' 

^™p^"* = io9wrr9:5(Jo = ^•^•^^'^' 

221,900 lbs. 

Unless otherwise specified, the permissible unit shear for 
web-plates is usually assumed to be on the gross area. In the 
present case it is 10,000 lbs. per sq. in. 

Area of web-plate required = 221,900^-10,000 == 22.19 sq. ins. 
A plate 72xf-in. will be used throughout. Its area = 27 sq. ins. 

Center Moment. — Dead-load = 292,000 

Live-load = 1,455,0(K) 

T , 1 .455,000^ ,,on/wK. 

^"^P^^' ^ 1,455,000 + 292,000 ^ l^^^!^ 

2,937,000 ft.-lbs. 

The effective depth of a plate-girder is the distance c. to c. 
of gravity of the flanges; therefore it cannot be known exactly 
before the section of the flanges has been decided on. When 
the flanges are composed of two angles \\dth cover-plates, it will 
usually be found that the effective depth is approximately 
equal to the depth back to back of angles; so this depth may 
be used in preliminary calculations to determine the flange 
section. The center of gravity of the flanges can then be readily 
computed, and the correct effective depth thus obtained. If 
this effective depth is found to be appreciably less than the 
distance back to back of angles, the calculations should be cor- 
rected accordingly; but, if greater than the distance back to 
back of angles, then this latter distance should be assumed 
as the effective depth. This is in conformity with general 
practice. 

Retximing to the example, the effective depth will be assumed 
as 6 ft. Then the flange-stress at center of girder = 2,937,00C 
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ft.-lbs. -r-6 ft. = 480,500 lbs.; and the net section required for 
the bottom flange = 489,500 -e- 16,000 = :iO.G sq. ins. 

The make-Mp of the bottom flange will now be considered. 
According to specification, and as more fully explained in the 
introductory remarks thereto, one-eighth of the area of the 
web-plate may be considered as equivalent flange-area. In de- 
termining the net section of flange material, the diameter of 
the rivet holes v.'ill be assumed J-in. larger than that of the rivet 
before driving; for the actual diameter of the hob is tV""^- 
greater than that of the rivet, and the e.xtra -iV"^^- ^s to allow 
for injury to the metal around hole, due to punching. In 
general, when there are rivet holes in both legs of an angle, or 
if there are two lines of rivets in one leg, staggered two inches 
or less, two holes should be allowed for. If there is a single line 
of rivets in one leg of angle, or if there are two lines, staggered 
more than two inches, then one hole only need be allowed for. 
In cover-plates with two lines of rivets, allowance should be 
made for two holes. In the example, J-in. rivets will be used,. 
and thus the diameter of holes will be assumed as 1 in 

The flange-section at center will be as follows: 

} of 72 X :J-in. web-plate = 3.37 

2 angles, Gx6x J-in. = 14.22 sq. ins.. 

gross; less 4 holes 1 in. in diam., = 11.72 
2 plates, 15 X J-in. = 16.20 sq. ins., 

gross; less 4 holes 1 in. in diam. = 16.26 



31.36 sq. ins. net area. 

It will be found that the center of gravity of this section 
practically coincides with the back of the angles, thus the 
assumed effective depth is correct. 

The usual method of determining the lengths of the cover- 
plates will now be demonstrated : On a horizontal line projected 
below the diagram of the girder (Fig. 3), a parabola is con- 
structed with vertex at center of span, and the maximum 
ordinate at this point equal to the required flange-area, viz., 
30.6 sq. ins. Then, the flange-area required at any point will 
be represented by the ordinate to the parabola at that point. 
The flange material is then superimposed on the parabola, the 
tt^t areas of the component parts being represented to the same 
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vertical scale used for the required areas. The first rectangle, 
representing the equivalent flange-area of the web-plate, and 
the second rectangle, representing the net area of two flange- 
angles, extend the full length of girder. The third rectangle, 
representing the net area of the first cover-plate, is required 
theoretically to the point where the parabola cuts the lower 
boundary of the second rectangle; and the fourth rectangle, 
representing the net area of the second cover-plate, is required 
theoretically to the point where the parabola cuts the lower 
boundary of the third rectangle. Both of the cover-plates, 
however, are extended about one foot beyond the theoretical 
points to which they are required, in order to compensate for 
the somewhat greater bending moments towards the ends of 
the girder due to the wheel-loads in different positions, and for the 
less effective depth of girder, due to stopping off the cover- 
plates. Of course, the theoretical lengths of cover-plates can 
be computed analytically by a formula based on the equation 
of the parabola ; but the graphical method here shown is recom- 
mended, because errors are less likely to occur in this way. 

A more exact method of determining the lengths of cover- 
plates (which, however, requires a good deal of labor) is to com- 
pute the flange-section required at regular intervals, taking into 
account the maximum bending moments and the variations 
in the effective depth; then, using the required areas as ordinates, 
to plot a cur\'e of areas, which replaces the parabola. The 
flange material is then laid on as before. 

To illustrate: It vAW be found that the area required at 6 = 

12.1 sq. ins., at c = 20.5 sq. ins., at d = 26.3 sq. ins., at e « 

30.2 sq. ins. Using these values as ordinates, the curve shown 
in dotted lines, below the parabola, is obtained. It will be 
observed that this dotted curv^e is well \^4thin the flange mate- 
rial, as previously determined; thus indicating that the cover- 
plates are of ample length; and showing that the parabolic 
jnethod of determining their lengths is sufficiently accurate. 

In the above discussion the bottom flange only was considered. 
In accordance with the specification, and with general practice, 
the top flange \\'ill be made the same as the bottom flange, 
except that the first cover-plate will extend from end to end 
of the girder. The flanges will not be spliced, as the material 
for them can be obtained in full lengths. 



I 



the dtsign of a go-ft. deck-plate girder. 25 

Rivet-Spacing in Flanges. 
The rivets connecting the web-plate with the flange-angles 
are required to transmit the longitudinal shearing stresses from 
the web to the flanges. This longitudinal shear per lineal inch. 
at any section, is assumed equal to the vertical shear at the- 
section divided by the distance, in inches, center to center of 
gravity of the flanges; and the amount of this shear to be trans- 
ferred to the flanges, through the rivets, is proportional to 
net area of one flange 
net area of one flange -I- J of web-plate section. 
In addition to the longitudinal shear, the top-flange rivets 
are loaded vertically by the floor- and wheel-concentrations. 
The weight of floor is 300 lbs, per lin. ft. = 25 lbs. per lin. in.; 
and the weight of one wheel is 23.000 lbs., which is assumed 
to be distributed over 36 ins. = 640 lbs. per lin. in. Then the 
'total stress per lineal inch to be resisted by the top-flange 
ivet? is equal to the resultant of the longitudinal shear combined 
^with the vertical load. The dead-load shear at any section is 
'lequal to the reaction, or end shear, less the load between this 
fction and the end. The live-load shears will be scaled from 
the shear- diagram. Fig. 2. 

The required pitch of the flange-rivets will be found to in- 
crease gradually from the ends towards the center of the girder; 
and, consequently, to be greater at one end of a panel than at 
;he other end. In the following computations the rivet-pitch 
determined at the center of each panel, which is the average 
Ipitch required for the whole panel. By this method, the rivets 
it one end of a panel will be a little too far apart, and those at 
'the other end will be a little too close together; but the total 
imber of rivets in the panel \vill be correct. There should 
no objection to treating the subject in this manner, provided 
• panel lengths are not greater than the depth of the girder. 

Kivet-Spacing in Flanges for Panel a b. — 

Vertical Shear at Center of Panel: 
Dead-load = 19,600- (650x3) 



Live-load (from Fig. 2) 



17.500 
97,000 



97,000-1-17,500 
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Distance, c. to c. of gravity of flanges = 69 ins. 

Longitudinal shear per lin. in. at center of gravity of flanges 
= 196.600 H- 60 - 2,840 lbs. 

By referring to Fig. 3, it will be found that the flange-section 
at the center of panel a b consists of two 6 x 6 x f-in. angles = 
11.72 sq. ins. net area; and J of a 72 x |-in. web-plate = 3.37 
sq. ins.; then 

11 72 

Longitudinal shear per lin. in. on rivets =« 2,840x li' vo q *37 

= 2,200 lbs. 

Bearing value of one J-in. rivet on J-in. plate (by Table II, 
Chap. I) = 7,220 lbs. 

Required spacing of bottom-flange rivets =» 7,220-^2,200 = 
3.27 ins. 

Vertical Load per Lineal Inch on Top-Flange Rivets: 
Dead-load = 25 

Live-load = 640 

Impact = ^,^-j^- = JR15 ■ 

1,280 lbs. 

Total stress, per lineal inch on top-flange rivets 
= v'2,2()02. + 1,280- = 2,550 lbs. 

Required spacing of top-flange rivets = 7,220-5-2,550 = 
2.83 ins. 

Rivet-Spacing in Flanges for Panel b c. 

Vertical Shear at Center of Panel; 

Dead-load = 19.500 - (650x9) - 13,600 

Live-load (from Fig. 2) - 77,000 

T 77,000= ^^^^^ 

Impact =■■ z^^^^^T^.-. -r.TT. =- 65,400 

//, 000-1- 1 0,000 

156.000 lbs. 
Distance center to center of gravity of flanges = 70 ins. 
Longitudinal shear per lineal inch at center of gravity of 
flanges = 150,000-1-70 = 2,230 lbs. 

By referring to Fig. 3, it will be found that the net flange- 
section at center of panel b c consists of 

2 angles 6 x 6 x f-in. = 11.72 

1 plate 15 X f-in. = 8.13 



19.85 sq. ins.. 
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and :the equivalent flange-area of web-plate, as before, = 3.37 
sq. ins. 

Then, longitudinal shear per lineal inch on rivets = 2,230 X 

19.'^f3.37 = 1'^^ ''''■ 

Required spacing of bottom-flange rivets = 7,220-7-1,900 = 
3.8 ins. 

Total stress per lineal inch on top-flange rivets 

= \/l,9002-|- 1,2802 = 2,290 lbs. 

Required spacing of top-flange rivets = 7,220^2,290 = 
3.16 ins. 

It will be unnecessary, in the present example, to proceed 
further; for, in accordance with clause 24 of specification, the 
rivet-pitch in the vertical legs of top-flange-angles shall not 
exceed 4 ins., and the rivet-pitch in cover-plates shall not ex- 
ceed 6 ins. If the rivets in vertical legs were spaced 4 ins., 
those in the cover-plates would also require to be spaced 4 ins. 
in order to stagger with the former; and this arrangement 
would require a greater number of rivets than would be the 
case if the spacing in the vertical legs were 3 ins., and in the 
flange-plates 6 ins. Sometimes the rivet-spacing in the bottom 
flange is made greater than that in the top flange, but it is usu- 
ally considered more economical to make both flanges alike. 
Consequently, the pitch of rivets in the vertical legs of both 
top and bottom flange-angles will be made 2^ ins. from a to 6, 
and 3 ins. from b to center of span, as shown in Fig. 4. 

Rivet-Spacing in Flange-Plates. — ^The net area of one flange- 
plate = 8.13 sq. ins. Then the value of plate in tension = 
8.13X16,000 = 130,000 lbs. The value of one J-in. rivet in 
single shear, as per Table II, Chap. I, = 6,610 lbs. The distance 
from the end of the first flange-plate to the end of the second 
flange-plate, as shown in Fig. 3, = 7 ft. = 84 ins. ; and the full 
value of the first flange-plate must be developed, by the con- 
necting rivets, in this distance. Therefore, the number of rivets 
required in 84 ins. of length = 130,000-^6,610 = 20; and, since 
there are two lines of rivets in the plate, the required spacing 

84x2 
will be =8.4 ins. Since this spacing exceeds that allowed 

by specification, the pitch of rivets in flange-plates will be 6 ins. 
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throughout, except in the top flange, panel a b, where the pitch 
will be 5 ins., to stagger with those in vertical legs of angles, 
as shown in Fig. 4. 

Web-Splice. 

For an ideal web-splice, the splice-plates should be of the 
full depth of the web-plate, but this arrangement is not usually 
practicable. Some engineers use horizontal splice-plates below 
the top flange-angles and above the bottom flange-angles, which 
are assumed to resist the bending stresses; and narrow vertical 
splice-plates between, which are assumed to resist the vertical 
shearing stresses. This form of splice is objectionable, for the 
horizontal plates concentrate large stresses in the web-plate, 
and thereby induce in it undesirable secondary stresses. An- 
other method is to use vertical splice-plates, of a depth equal 
to the clear distance between the flange-angles, and horizontal 
flats on the flange-angles. One objection to this is that the rivets 
in the flange-angles are called on for double duty, as they are 
also required for the longitudinal shearing stresses; another 
objection is that the splice-plates on the angles are usually in 
the way of the stiffeners, thus requiring either additional crimp- 
ing or additional fillers. Still another method is to splice the 
web-plate for only a portion of its bending value, assuming its 
depth equal to the distance between flange-angles; and to 
arrange to have the splice at some point where the flange ma- 
terial is in excess of that required for the bending moment, 
viz., near the end of a cover-plate. The only objection to this 
is that it may be desirable to splice the web-plate at some point 
where the flange-material is fully utilized, as at the center of a 
girder. 

The most satisfactory form of web-splice, and one which may 
be used at any point of the girder, consists of two plates, of a 
depth equal to the distance between flange-angles, and wide 
enough to contain sufficient rivets to resist the total bending 
moment attributed to the web-plate. With this splice there 
will be some slight secondary stresses in the web; but these 
secondary' stresses will be very much less than those induced 
by the first form of splice mentioned above. The web-splice 
must be capable of resisting bending, as well as shear; but if 
capable of resisting the full bending value of the web-plate, it 
will usually be amply strong for the shear. 



r ■^ 

( ' 
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The net flange-section at this point, as shown in Fig. 3, is 

i of 72 X |-in. web-plate = 3.37 

2 angles, 6 x 6 x J-in. = 1 1.72 

1 plate. 15 X |-in. = 8.13 



23.22 sq. ins.; ■ 
and the bending moment to be resisted by web-plcte = 1 ,935,000 

X 2j^ = 280,S(I0 ft.-lbs. - 3,369,600 in. -lbs. 

Stress on outer rivets due to bending = 3,369,600-^550 ^ 
6,120 lbs., which is less than the permissible stress, as above. 
2. — Maximum Shear, with Corresponding Moment (wheel 
2 at c). 

Moments: Dead-load = 187,200 

Live-load (not max.) 948.000 
Impact = 792.300 



1.927.500 ft.-lbs. 

Shears: Dead -load = 11,700 

Live-load (max.) = 75.000 
Impact = 65,000 



151.700 lbs. 

Stress per rivet due to vertical shear = 151,700 h- 48 = 3.160 lbs. 
Permissible stress on outer rivets for bending = 
\/7,220'- 3,160' = 6,490 lbs. 

Bending moment to be resisted by web-plate = 1,927.500 X 

^1^ = 280,000 ft.-lbs. = 3.360.000 in. -lbs. 

Stress on outer rivets due to bending = 3.360,000-5-550 = 
6,110 lbs. Thus the splice satisfies both conditions. 

Stiffeners. 

The end stiffeners, which act as columns, receive their load from 
the web-plate and transmit it to the bearing-plates. As tho 
ratio of their length to their radius of gyration is small, the unit 
stress of 16.000 lbs. may be used without reduction. The total 
end shear, including dead-load. Uve-load, and impact. = 222.000 
lbs. Then 222.000 -r 16,000 = 13.9 sq. ins. required in stiffeners. 
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Four angles, 5x3§x^-in. «= 14.12 sq. ins., will be used. 
Fillers, 3 J x j -in., will be placed between the web-plate and 
these stiffeners. The number of rivets required = 222.000-5- 
7,220 = 31. The intermediate stiffeners will, in accordance 
with specification, be of two angles 4 x 3§ x | -in. These will 
be offset or crimped to fit over flange-angles. 

Bearixg-Plates. 

Supposing the masonr}' to be of sound limestone, the per- 
missible pressure per sq. in. is 400 lbs. Then, area of bearing- 
plates required = 222,0004-400 = 555 sq. ins. Two plates, 
24 x 24 X J-in., will be used. The area of one plate = 576 
sq. ins. The upper plates at one end will have slotted holes for 
the anchor-bolts, to allow for expansion. 

Laterals and Brace-Frames. 

There will be lateral bracing in the plane of the top flanges 
only ; and brace-frames at the ends to carry the wind force from 
the laterals to the abutments. There will also be brace-frames 
at Cy c, g, and /, to stiffen the bottom flanges. 

The lateral truss shown in Fig. 3 consists of 5 panels, each of 
12 ft. Depth of truss = 8 ft Length of diagonals = \/8'-hI2* 
— 14.42 ft. For convenience, the stationary' wind force will be 
called " dead-load,'* and the moving ii-ind force, " live-load.'* 

Dead-load per lin. ft = 7x30 lbs. = 210 lbs. 

Live-load per lin. ft. = 300 lbs. 

Panel dead-load = 210 X 12 = 2,520 lbs. 

Panel live-load = 300 v 12 = 3,600 lbs. 

Shear in panel a c = (2,520 X 2) -h (3,600 X 10/5) = 12,240. 

'' " " c ^ = (2,520 X 1) + (3,600 X 6/5) = 6,840. 

" " " ^g = 3,600 X 3/5 = 2,160. 

Stress in 1st diagonal = 12,240 X—^ = 22,000. 

'' 2d ** = 6,S40 X " = 12,300. 
"3d " = 2,160 X *' = 3,900. 

The required sections and sizes used are sho"WTi in Fig. 3. 
The force applied at the top of end brace-frames will be equal 
to 2J panels of dead- and live-load = 2J X (2,520 + 3,600) =* 
18,360 lbs. One-half of this force is assumed to be resisted by 
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each diagonal: one in tension, and the other in compression. 
Stress in top strut « 18,360 x J = 9,180. Length of diagonals 
- V5.52 -h 8' - 9.7 ft. Stress in diagonals = 9,180 X 

9 7 

-3- = ± 11,100. There is no stress in bottom strut. For the 

o 

top Strut, one angle, 4 x 4 x fi^'in. = 2.4 sq. ins. will be 
assumed. The least radius of gyration = 0.82 in., and 

/ 8 



r 0.82 



= 10, which corresponds to a permissible unit stress of 



8,890 lbs. for square ends. Then value of strut « 8,890X2.4 « 
21,300 lbs. The diagonals support one another at the center, 
so their half length may be used in figuring their capacity. 
Assuming one angle, 3 x 3 x i^-in. « 1.78 sq. ins., its least 

radius of gyration = 0.60 in. and — = ;r^ = 8, which corres- 
**•' r 0.60 

ponds to a permissible stress per sq. in. of 10,580 lbs. for square 
ends. Then value of strut = 10,580^X1.78 = 18,800 lbs. The 
bottom strut will be like that at the top, viz., one angle 4 x 4 x 
ft-in. For the intermediate brace-frames, the top and bottom 
struts will be made of one angle 3J x 3J x A-in. each; and 
the diagonals, of one angle, 3 x 2^ x 5/16-in. 

Estimated Weight. 



TWO GIRDERS. 












Flanges.-^ 8 angles, 6x6xJ-in. 


@24.2 1 


lbs. 


62 


ft. 


long- 12,000 


*• 2 plates, 15x{-in. 


@^31.88 


tt 


62 


tt 


u 


» 3,950 


" 2 plates, 15x{-in. 


@31.88 


u 


45.75 


tt 


K 


- ^,920 


** 4 plates, 15x{-in. 


@ 31.88 


M 


31.75 


M 


M 


- 4,050 


Webs.— 2 plates 72xi-in. 


@^91.8 


M 


62 


U 


M 


-11,380 


Web-splices. — 4 plates, 19xi-in. 


@24.23 


« 


5 


tt 


M 


- 480 


StifTeners. — 16 angles, 5x3 Jx^ -in. 


@12.0 


M 


6 


M 


tt 


- 1,150 


* 36 angles, 4x3ixf-in. 


@ 9.1 


M 


6 


« 


M 


- 1,970 


Fillers. — 16 flats, 3}xf-in. 


@ 7.44 


M 


m 



U 


M 


- 590 


Bearings. — 8 plates, 24xi-in. 


@71.4 


M 


2 


M 


M 


- 1.140 


Anchors. — 8 rounds, IJ-in. diam. 


® 3.38 


« 


1.25 


« 


M 


40 




39.670 


Rivet-heads, (4%) 










. 


-= 1.580 




bs. 41.250 
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Gussets. — 



LATERALS. 








4 angles, 3x3xj|-m- 


(ax 7.2 lbs. 


12 ft. 


long 


- 350 


6 angles, 3x3x1^^ -in. 


{& 6.1 " 


13 


u 


- 480 


8 plates. 12xA-in. 


(a 12.75 " 


2 " 


M 


- 200 


12 plates, lOx^-in. 


(tti 10.62 " 


1.5 " 


U 


190 


2 plates, 20xA-in. 


(^21.24 " 


2 ** 


U 


80 


3 plates, loX]^-in. 


©15.94 " 


1.75 - 

• 


U 


SO 




1.380 


- /C' 








30 



Rivet-heads, (2%) 

lbs. 1,410 

ONE END BRACE-FRAME. 

Top and Bottom.— 2 angles. 4x4xt^-in. («. 8.2 lbs. 7.5ft. long « 120 

Diagonals.— 2 angles. 3x3xi^-in. («, 61 " 8 " " = 100 

Gussets.— 4 plates, 12xf^-in. (a^l2.75 " 1.25" " = 60 

1 plate, 7xi%-in. @ 7.44 " 0.75 " " « 5 



285 
Rivet-heads. (2^^) - 5 



lbs. 290 

ONE INTER.VIEDIATE BRACE-FRAME. 

Top and Bottom. — 2 angles, 3Jx31xi'^-in.(ff' 7.1 lbs. 7.75 ft. long— 110 
Diagonals. Jangles. 3 x^Xx^-in. (q. 5.5 " 8 " " « 90 

Gus.sets.— 4 plates, 12xi^-in. (^,12.75 " 1.25 " ** = 60 

1 plate. 7x1% -in. @ 7.44 " .75 " - = 



o 



265 

Rivei-heads, (2%) - 5 



lbs. 270 



SUMMARY. 






2 Girders 


= 


41,250 


Top Laterals 


= 


1,410 


2 End Brace-Frames(^'.290 lbs. 


== 


580 


4 Intermediate Brace Frames (a 2/0 lbs. 


=T 


1.080 


Total 


44.320 lbs. 



Wcip:ht per lin. ft. — 44,320-:- 62 = 715 lbs., ^vhe^eas the 
assumed weight was 700 lbs. 

An alternative form of cross-section is shown in Fig. 4a. In 
this the tof) flange consists of 4 angles 6 x 6 x J -in. which extend 
from end to end of the girder: and these are reinforced at the 
center of the span by 2 side-plates 11 x J -in. Some railway 
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en^:ineers prefer this construction, because it requires less labor 
in framing the ties. The chief objection to it is that it is not so 
economical as the ordinary flange ; for with it the effective depth 
of girder is considerably less than that of the web-plate, and a 
large proportion of the total flange-section must extend the 
entire length of the girder. While fairly satisfactory for girders 
5 ft. deep or over, it is decidely objectionable for shallower ones, 
as the lower pair of angles in the top flange, on account of being 
proportionately so much nearer to the neutral axis of the girder 
than the upper pair of angles, will be stressed much less. 

In order to apply this form of top flange to the girder which 
has been under discussion, while maintaining the same effective 
depth, it will be necessary to make the web-plate 6 ins. deeper. 
In computing the equivalent flange-area of the web-plate, how- 
ever, it will be assumed that its depth is only equal to the 
distance from the center of gravity of the top flange to the back 
of the bottom flange-angles, w^hich is the effective depth of girder. 
The specification requires that the top flange shall be of the 
same gross sectional area as the bottom flange. Then, 

Gross area of Bottom Flange: 

2 angles 6 x 6 x |-in. = 14.22 

2 plates 15 X |-in. = 19.75 



33.97 sq. ins. 



Gross area of Top Flange: 

4 angles 6 x 6 x J-in. = 23.00 
2 plates 11 X §-in. = 11.00 



34.00 sq. ins. 



CHAPTER ITT. 
THE DESIGN' OF A lOO-FT. DECK WARREX GIRDER. 

The deck Warren girder, designed to carr>" the ties directly on 
the top chords, makes a substantial structure. It is most 
suitable for spans of from 100 ft. to 125 ft. It will be fotmd to 
serve as an excellent example for illustrating some important 
problems in bridge design. 

The general dimensions of the structure which will be con- 
sidered in this chapter are as follows: 

Length. 100 ft. c to c. of end bearings (= S panels of 12 ft. 
6 ins. each ) . 

Depth. 12 ft. 6 ins. c. to c. of chords. 

Length of diagonals = \'l2.5=-t- 12.o- = 17.67 ft. 

Width. 10 ft. c. to c. of trusses. 

Short panel lengths are used in order to avoid excessive bending 
stresses in the top chords. 

Cross-Ties. 

The first thing to consider in a bridge of this kind is the size 
of ties required. The span of the cross-ties is equal to the 
distance c. to c. of trusses, \*iz., 10 ft. : and the loads are applied 
at the rails, which are approximately 5 ft. c. to c. Thus the 
distance from the points of application of the loads to the center 
of end supports = 2.5 ft. The maximum wheel-concentration, 
as per specification. = iW.OOO lbs. which is assumed to be 
distributed over three ties: therefore, the concentrations on each 
tie = 10,000 lbs. The live-load moment = 10.000X2.5 = 25.000 
ft. -lbs. The dead-load moment is so small it may be 
neglected. Therefore, the impact moment is equal to that of 
the live-load; and the total moment = 50.000 ft.-lbs. - 600.000 
in.-lbs. Assuming the ties to be of Georgia pine or Douglas fir, 
the permissible fiber-stress = l.SOO lbs. per sq. in. Then, the 
section modulus required = 600.000 -^ 1,800 = 333. Ties 8 ins. 

30 
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■wide and 16 ins. deep will be used. Their section modulus. « 
/.;»' Sy16' _ .-,, 

Loads. 

On account of the large size of ties, the assumed weight of 
floor will be increased from 600 lbs. i er lin. ft. to 700 lbs. per lin. 
ft. By the formula given in Chapter II. the weight of steel per 
lin. ft', would be 10/ -f 100 = (10 X 100) + 100 = 1,100 lbs. 
This form of bridge, however, usually runs a little hea\'ier than 
this: so the weight of steel will be assumed at 1,200 lbs. per lin. 
ft. Then : 

Dead-Load (floor) = 700 
(steel) = 1,200 



(total) = 1,1KH) lbs. per lin. ft. 
Live-Load as per specification. 

Dead-Load Stresses. 

It will be found most convenient to compute the dead-load 
stresses analytically. The panel dead-load for one truss = 

1 900 

'^ — X 12.5 = 12,000 lbs. (about), which is assumec^ to be con- 
centrated at the upper panel-points. At the end panel-points 
-1 and 7 the concentrations are equal to one-half par«l load, = 
6,000 lbs. These end-concentrations, however, do not affect the 
stresses in the truss, so they will be neglected in the following 
calculations. Since the truss is s\Tiimetrical, the reaction at 
either end, to be used in figuring the stresses, is equal to one- 
half of the total dead-load, less the half-panel loads at the ends. 
That is to say, the reaction is equal to 3} panel loads, = 12,000 X 
3i = 42,000 lbs. The shear in any panel is equal to thi? reaction 
minus any pan el -concentrations between the panel considered 
and the end support and the stress in any diagonal is equal to 
the shear in the panel in which it is situated, multiplied by the 
length of diagonal, and divided by the depth of truss, which is 
equivalent to multiplWng by the secant of the angle which the 
(diagonal makes with the vertical. The bending moment at 
any panel-point is equal to the moment of the reaction about this 
point, minus the moments of any pan el -concentrations between 
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oil 



this point and the end support : and the stress in any chord- 
section is equal to the moment at the panel-point where the 
diagonals in the panel intersect the opposite chord, diWded by 
the depth c. to c. of chords. The actual reaction, or load t n the 
masonr}', which will be used in designing the pier-members, is 
equal to 4 panel-loads. = 12.000X4 = 48.000 lbs. The fol- 
lowing table of dead-load stresses will now be readily tmderstood : 



Table op Dead-Load Stresses. 



Shear in panel AB 

- BC 

- CD 

- DE 
Moment at panel-point B 

D 



Stress in member aB 



c 
e 



= 42.000 - 
= 4J.UU0- 12.000 
= 42.000- (12.000X2) 
-42.000- (12.000X3) 
= 42.000X12.5 
= (42.000 X 37.5) - [12.000X 
(12.5^25;] 

« (42.000X25)— (12.000 X 12.5) 
= (42.000 X 50) —[12.000 X 
(12.5 + 25-^37.5)] 



- 42,000 X 



17.67 
12.5 



42.000 

30.000 

18.000 

6.000 

525.000 

1,125.000 
900.000 

1.2UU.U00 

-f 59,400 



Be 



- 30.000 X 



17.67 
12.5 



— 42,400 



cD 



lS.U(;ov 



17.67 
12.5 



+ 25.500 



De 



6,(((.> 



17.67 



12.5 



— 8.500 



ac 



525,000 y 



1 



12.5 



—42.000 ^ 



ce 



1,125.000X 



1 



12.5 



—90,000 



BD 



= 900,000 X 



12.5 



= ^72.000 



DF 

Aa 

Cc and Ec 



1, 200.000 X 



12.5 



12.000X} 
12.000X1 



-f 96.000 

+ 6.000 
+ 12.000 
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In accordance with specification, the bending moment in 
the top chord will be assumed equal to three-fourths of that for 
a simple span of one panel-length. The dead-load is as follows: 

Weight of floor, per lin. ft. - 700 x J = 350 

Weight of chord-section per lin. ft. (assumed) =150 



Total dead-load, per lin. ft. = 500 lbs. 

Length of panel = 12.5 ft. 

Dead-Load Moment in Top Chord - _500xl2^*^ 3 ^ ^ g^s 

o 4 

ft. lbs. = 87.900 in.-lbs. 

Live-Load Stresses. 

For the live-load stresses, the moment -diagram. Fig. 1, will be 
used. A diagram of the truss should be constructed, to the 
same scale, on tracing cloth, and placed on the moment-diagram 
in the various positions giWng the maximum reaction, shears, 
and moments, as required. 

Maximum Reaction at a. — Since every load on the span con- 
tributes to the reaction at a, then, in order to obtain the maxi- 
mtmi reaction, the heavier loads should be placed as near this 
point as possible. Consequently, the maximmn reaction occurs 
with the first drix-ing-wheel (wheel 2) at a. Then, placing the 
diagram of truss on the moment -diagram in this position, 
verticals are dropped from a and /. intersecting the equilibrium- 
polygon, and the closing line drawn through these intersections. 
A line is then drawn from the point in force-polygon, parallel 
Tjvith the closing line, and intersecting the vertical load-line. 
The reaction a is equal to the total load above this intersection, 
(less load 1 which is not on the span) == 164,000 lbs. 

Position of Load for MaTimiim Shear. — For a truss with 
parallel chords, the maximum shear in any panel (with reference 
to the left-hand support) occurs with a wheel near the head of 
the train placed at the adjacent right-hand panel-point, when the 
load in the panel to the left of this point is equal to or less than 
the total load on span di\4ded by the nvunber of panels in the 
span. In other words, the average load per foot in the panel 
(not including the wheel-load at the adjacent right-hand panel- 
point), should be equal to or less than the average load per foot 
on the whole span. The proof of this may be fotmd in Johnson's 
'* Theory and Practice of Modern Framed Structures." 
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For xhc maximum shear in panel A B, the diagram of truss is 
placed on the moment -diagram with wheel 3 at B, as shown in 
Fig. 6. In this position, the load in the panel to the left of B — 
34,500—11,500=23,000 lbs.; and the total load on span - 




298,000-11,500 = 286,500 lbs.; which figures are obtained from 
the summation of loads on moment -diagram. Then 23,000 lbs. 
is less than 286,500^8 = 35,S00 lbs. That is to say. the load in 
the panel to the left of B is less than the total load on span. 
divided by the number of panels in span. With wheel 4 at B, 
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the load in the panel to the left of this point would be 57,S00— 
11,500 = 46,000 lbs.; and the total load on span, 311,000- 
11,500 = 299,500 lbs. Since 46,000 is greater than 299,500 h- 
S = 37,400, the maximum shear does not occur with wheel 4 at 
B, but with wheel 3 at this point, asshown. Verticals are 
dropped from a and *, intersecting the equilibrium-polygon in 
Oj and ^2, and the closing line drawn through these points. 
Then a line drawn through the point O in force-polygon, parallel 
with the closing line Oj (2* and intersecting the vertical load-line, 
determines the reaction for this position of load. It is equal to 
the total load above this last intersection, less wheel 1 (which is 
off the span), = 144,000 lbs., as shown. This reaction is greater 
than the shear in panel .4 B, for a portion of wheel 2 is carried to 
the vertical end-post by the top chord, which acts as a stringer. 
The part of this load which goes to the end-post is obtained by 
dropping a vertical from panel-point B to the equilibrium- 
polygon, intersecting it in the point Bj", and then drawing a line 
through the point O in force-polygon, parallel with a line through 
Oj -Bj, and intersecting the vertical load-line. The part of the 
load-line above this last intersection (neglecting load 1 which 
is off the span) represents the portion of wheel 2 which is carried 
by the end-post ; and the distance between the two intersections 
on load-line represents the shear in panel -4 B, which is 135,000 
lbs., as shown in Fig. 6. 

For the maximtmi shear in panel B C, the diagram of truss is 
placed on moment-diagram with wheel 2 at C as shown in Fig. 7. 
Now the load in panel to the left of C = 11,500 lbs., and the total 
load on span = 259,000 lbs. Then 11,500 is less than 259,500 h- 
8 = 32,400. With wheel 3 at C, the load to the left of this 
point would be 34,500 lbs.; and the total load on span, 272,000 
lbs. Then 34,500 is greater than 272,000 -f- 8 = 34,000; and, 
consequently this position does not give the maximum shear; 
but it occurs with wheel 2 at C. In this position, verticals are 
drawn through a and /, intersecting the equilibrium-polygon in 
a^ and tV* and the closing line drawn through these points. Then 
a line drawn through the point O in force-polygon, parallel with 
closing line, and intersecting the vertical load-line, determines 
the reaction a, which is equal to the portion of the load-line above 
this intersection, = 105,000 lbs. The shear in panel S C is 
equal to this reaction at a, less the portion of wheel 1 which is 
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carried to panel-point B through the top chord. The portion of 
this load which goes to panel-point B is determined by dropping 
verticals through B and C to the equilibrium-polygon, inter- 
secting it in points Bj ^^^ ^2' ^^^ then drawing a line through 
the point in force-polygon, parallel with a line through the 
points Sj and Cj, and intersecting the vertical load-line. The 
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part of the load-line above this last intersection represents the 
portion of wheel 1 which goes to panel-point B ; and the distance 
between the two intersections on the load-line represents the 
shear in panel B C, which is 100,000 lbs., as shown. 

The maximum shear in panel C D, which occurs with wheel 
2 at D, - 72,000 lbs. 
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The maximum shear in panel D E, which occurs with wheel 
2 at £. = 50,000 lbs. 

The maximum shear in panel E F, which occurs with wheel 
2 at F, = 28 500 lbs. 

Position of Load for MaTimiim Moment. — For the maximtun 
moment at any panel-point, the load should cover the span, while 
the heavier wheel-loads should be brought near the point. Then, 
the total load to the left (not including the load at the panel- 
point in question) divided by the number of panels between this 
point and the left-hand support, should be equal to or less than 
the total load on span divided by the number of panels in the 
span. In other words, the load i>er foot (or i>er panel) to the left 
of the point (not including the load at the point) should be 
equal to or less than the load per foot (or per panel) on the 
whole span. The proof of this may be found in Johnson's** Theory 
and Practice of Modem Framed Structures.*' There may be 
two or three positions of the load which will satisfy the above 
conditions, in which case all should be tried to ascertain the greatest 
moment. With a little practice, however, the correct position of 
the load can usually be judged by inspection. 

For the maximum moment at B, which is the point of moments 
for obtaining the stress in a c, wheel 3 is placed at this point, 
as shown in Fig. 6. The load to the left of 5 = 23,000 lbs., and 
the total load on span = 286,500 lbs. Then 23,000-^1 = 23,000 
is less than 286,500 -i- 8 = 35,800. With wheel 4 at S, it would 
be found that the load to the left of this point, divided by 1, 
would be greater than the total load on span, divided by 8. 
Thus the position shown is the correct one. It should be noted 
that the position of load for the maximum shear in the end 
panel, and for the maximum moment at the first panel-point 
from the end, is always the same. In Fig. 6, the ordinate be- 
tween the closing line and the equilibrium-polygon, at 5, 
measures 11 ft. Then the moment at this point « 150,000X11 =* 
1,650,000 ft.-lbs. 

For the maximum moment at c, which is the point of moments 
for the stress in B D, wheel 4 is placed at this point. The total 
load to the left of C = 57,500, and the total load on span = 
272,000. Then 57,500^2 = 28,750 is less than 272,000-^-8 = 
34,000. The ordinate between the closing line and the equi- 
librium polygon, vertically below c, measures 19 ft.; and the 
moment at this point = 150,000 X 19 = 2,850.000 ft.-lbs. 
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For the maximum moment at D, which is the point of moments 
for the stress in c e, wheel 6 is placed at this point. The total 
load to the left of £> = 103,500, and the total load on span — 
285,000. Then 103.500-4-3 = 34,500 is less than 285,000^8 = 
35,600. The ordinate at this point measures 22 ft.; and the 
moment » 150,000 X 22 = 3,300,000 ft.-lbs. Practically the 
same result would be obtained with wheel 12 or wheel 13 at this 
point. 

For the maximum moment at e, which is the point of moments 
for the stress xnD F, wheel 13 is placed at this point. The total 
load to the left of E (not including wheels 1 to 5, which are off 
the span) = 109,500; and the total load on span = 241,250* 
Then 109,500-^4 = 27,400 is less than 241,250-^8 = 30,100. 
The ordinate at this point measures 23.5 ft. ; and the moment — 
150,000 X 23.5 - 3,525,000 ft.-lbs. 

Table of Live-Load Stresses. 



Shear in panel AB = 135,000 






" . « S C = 100,000 






" CD '^ 72,000 






" DE~ 50.000 






« £F=. 28,500 






Moment at B - 1,650,000 






c - 2,850,000 






D = 3,300,000 






e = 3,526,000 






Stress in a B = 135,000 X ^Jfl 


= 


+ 190,900 


" "Be 100,000 X " 


= 


—141,400 


« " c £> - 72,000 X " 


s= 


+ 101,800 


« " De = 50.000 X " 


s=: 


— 70,700 


« " eF ^ 30,000 X " 


=: 


+ 40,000 


" •• ac -^ 1,650.000 X~z 

1^.0 


= 


— 132,000 


« " BD'= 2,850.000 X " 


ss 


+ 228.000 


" " ce = 3.300.000 X " 


^ 


—264.000 


" " DF = 3,525,000 X " 


= 


+ 282,000 



With a driving-wheel at A and two driving-wheels in the 
panel A B, the maximum stress in A a is obtained by taking 
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moments of these loads about B, and di\dding by the length of 
panel, as follows: 

Stress in Aa ^ [23,000 X (2.5^-7.5 + 12.5)]-^12.5 = 41,400. 

With the second or third dri\'ing-wheel at one of the inter- 
mediate vertical posts, two driving-wheels in one adjacent 
panel and one in the othfer, the maximum st^ete in post is ob- 
tained by taking moments of these loads about the opposite end 
of panels, and dividing by length of panels, as before. 

Stress in C c a,nd E e = [23,000 X (7.5+12.5 + 7.5 + 2.5)] 
-i- 12.5 = 55,400. 

For the bending moment in top chord, three driving-wheels 
should be placed in a panel, with one of them at the center. 
Then, considered as a simple span, the reaction at either end 
would be equal to 23,000 Xli == 34,500 lbs.; and the moment 
at center of panel would be equal to (34,500x6.25) -(23,000X5) 
= 100,625 ft. -lbs. The moment for a continuous chord, ac- 
cording to specification, vdW now be assumed equal to 100,625 X 
i = 75,500 ft.-lbs. = 906.000 in.-lbs. 

The dead- and live-load stresses are summarized on the stress- 
diagram. Fig. 5, with impact stresses added according to specifica- 
tion. Taking member d F as an example: 

Dead-load = + 59,400 

Live-load = +190,900 

, ^ 190,900' Li^i^iAA 

^"^^^^'= 190.900 -f 59.400 ^ + ^^^'^^^ 

+ 395,400 lbs. 

In member D e, which corresponds with member e F, the dead- 
load stress = --S,500, the maximum live-load tension = —70,700^ 
and the maximum live-load compression = +40,000. The 
impact stress is then equal to 

(70,700 + 40,000)' ,., ^^^,, 

So-jooTsTsocT = ± ^^^'^^^ ''''' 

These stresses should be summarized, as follows: 

Dead-load - 8,500 Dead-load - 8,500 

Live-load - 70.700 Live-load + 40,000 

Impact -154,700 Impact +154,700' 



- 233,900 lbs. + 186,200 lbs. 
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Proportioning of Truss Members. 

The tension members are all proportioned for a unit stress of 
16,000 lbs. persq. in. of net section ; and the compression members, 
for 16,000 lbs. per sq. in., reduced by the formula for fixed ends. 
For the top chords, however, the imit stress will not require to 
be reduced, as the panel lengths are less than 36 times the least 
radius of gyration of these members. 

In member a B the total compression = 395,400 lbs., and its 
length = 17.67 ft. Assuming a section, in the form of a girder, 
composed of 

4 f.ange-angles, 6 x 4 x J-in. = 27.76 (4* legs riveted to web- 
plate) 
1 web-plate 11} x }-in. = 5.75 



33.51 sq. ins., 

its least radius of gyration, which is about the axis parallel with 
web-plate, will be computed as follows: The radius of gyration 
of 2 angles 6 x 4 x J -in. (with the 4 -in. legs back to back, but 
separated }-in.) may be found in the Carnegie, or other struc- 
tural steel handbooks. That about the axis parallel with the 
4-in. legs = 3 ins. ; and for 4 anj^Ics similarly arranged it is the 
same. The moment of inertia of the four angles is equal to their 
area multiplied by the square of this radius of g\Tation, = 27.76 
X 3^=249.84; but the moment of inertia of the web-plate about 
this axis is so small that it may be neglected. Then, since 
I = A r^ (in which / = the moment of inertia, .4 = the area of 

IT^ f 249.84 ^ 
\ .4 \ 33.51 

2.73 ins. In this calculation it should be noted that the moment 
of inertia is di\4ded by the total area of section, including that 

of the web-plate. Now -= -, ',./ = 6.47, which (bv Table I, 

r 2./3 

Chap. I) corresponds with a unit stress of 12,000 lbs. per sq. in. ; 
and 395,400-^ 12,000 = 32.9 sq. ins. required. Consequently, 
the assumed section is about right. 

In member B c, the total tension = 292,600 lbs. Then, 
292,600-^ 16,000 = 18.25 sq. ins. required. The following 
section is provided : 



section, and r = the radius of gyration), r ^ ^^ 
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Gross. Net. 

4 angles, 6 x 3J x A-i"- = -^^^ sq. ins. = 15.62 sq. ins 

1 plate, Hi xj-in. = 4.31 - - = 3.56 - - 

Total, 24.43 " - 19.18 ^^ " 

(Four 1-in. holes are allowed for in the angles, and two in the 
plate). 

In member c D, the total compression = 208,700 lbs. The 
length of member, radius of gyration and, consequently, the 
permissible unit stress are the same as for a B. Then 208,700-;- 
12,000 =17.4 sq. ins. required. The following section is 
provided : 

4 angles, 6 x 3J x f-in. = 13.68 

1 plate, Hi x |-in. = 4.31 



17.99 sq. ins. 

In member D e, or e F, the total tension = 233,900 lbs. and 
the total compression = 186,200 lbs. Then, 233, 900-5-16,000 = 
14.6 sq. ins. net area required; and 186,200-^12,000 = 15.5 sq. 
ins. gross area required. Thus the tensile stress determines the 
section used in this case, which is the same as provided for 
member c D. 

In the intermediate vertical posts, the total compression =» 
112,900 lbs., and their length = 12.5 ft. Then, assuming a 
section composed of 

4 flange-angles, 3J x 3 x |-in. = 9.20 (3-in. legs riveted to 

web-plate) 

1 web-plate. Hi x f-in. = 4.31 



13.51 sq. ins., 

its least radius of gyration, which is about the axis parallel with 
web-plate, will be computed as follows: The radius of gyration of 
the angles alone, (from Carnegie, as before,) = 1.7 ins., and 
their moment of inertia = 9.2 X 1.7* = 26.6. The moment 
of inertia of the web-plate will be neglected, as before. Then r = 

^^ =1.4 ins. Now, — = ~— =8.9, which corresponds 
13.51 r 1.4 

with a unit stress of 9,800 lbs. per sq. in. ; and 112,900^9,800 = 
11.5 sq. ins. required. The assumed section is a little greater 
than required for the stress; but, if smaller angles were used, the 



^ 
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radius of gjTation would be too small to satisfy the condition 
that the length of a member shall not exceed 100 times its least 
radius of gjTation. Even with the assumed section, this condi- 
tion is slightly exceeded. The same section is also used for the 
vertical end-posts. 

In the bottom-chord member a c, the total tension = 274,100 
lbs.; and 274,100-^16,000 = 17.1 sq. ins. required. The section 

used is as follows : 

Gross. - Net . 

2 web-plates, 18 x |-in. = 13.50 sq. ins. = 10.50 sq.ins. 

4 flange-angles, 3J x 3J x |-in. = 9.92 - -^ = 6.92 ** ** 



Total. 23.42 *" « 17.42 *- " 

(There are four 1-in. holes in each plate and txvo in each 

angle). 

In the bottom-chord member c e, the total tension = 550,900 

lbs.; and 550,900-^16,000 = 34.4 sq. ins. required. The section 

used is as follows: 

Gross. Net. 

2 web-plates, 18 x |-in. = 22.50 sq. ins. = 17.50 sq.ins. 

4 flange-angles, 6 x 3i x f-in. = 22.20 •* ** = 17.20 "^ " 

Total, 44.70 " « 34.70 « *< . 

(There are four 1-in. holes in each plate, and two in each angle). 

The top chord must be so designed that the maximum fiber- 
stress due to the combination of direct compression and bending 
moments shall not exceed 16,000 lbs. per sq. in. The area 
required for the direct stress is foxmd directly by di\'iding this 
stress by 16,000; but, in order to determine the area required 
for the bending moments, some definite section must fiist be 
assumed, its radius of g>Tation computed, also the distance 
from the horizontal axis through the center of gra\'ity to the 
extreme outer fiber, whether top or bottom; for the specification^ 
reqtiires that the bending moment at panel-points be assumed 
equal but opposite to that at the center of panel. The formula 
for determining the area required for bending i^ill now be de- 
veloped. 

■" - i7 0) 

s.'- a 

11 ^ 

I = Ar* (J) 



60 RAILWAY BRIDGES. 

in which Af =» bending moment in inch-pounds. 
S = section modulus. 
n = distance from horizontal axis through center of 

gravity to extreme outer fibers, 
r = radius of gyration about horizontal axis through 

center of gra\'ity. 
A = area of section required for bending. 
f = maximum fiber stress. 

A r* 
Substituting Equation (3) in Equation (2), 5 «[ (4) 

A r* 

Substituting Equation (4) in Equation (1), M = f (5) 

The required formula, which is obtained by reducing Equation 
(5), is 

In the top-chord member B D, the total compression = 
473,300 lbs.; and the total moment = 1,819,800 in.-lbs. Then, 
assuming the following section, 

1 cover-plate, 21 x f-in. = 7.87 

2 web- plates, 18 x |-in. =13.50 
4 flange-angles, 6 x 3} x |-in. = 13.68 

35.05 sq. ins., 

the radius of gyration* about the horizontal axis is foxmd to be 
6.74 ins.; and the distance from this axis to the extreme outer 
fibers = 11.07 ins. 

Area required for direct compression = — Aaa "°° 29.58 



A ' ^^ u A' 4. 1,819,800X11.07 ^^^ 

Area required for bending moment =- — ^— ^TrrrT^T.7^7r-^ =- 27.70 

• ^ ^ o./4^X 16,000 — 

sq.ins. 57.28 



*For methods of computing the position of center of gravity, moment 
of inertia, and radius of gyration for a section of this form, see 
Thomson's '* Bridge and Structural Design," page 18. 
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The assumed section might be increased sufficiently to suit 
this case; but it would be uneconomical to do so, as the area 
reqv.ired for the bending moment is proportionately very large, 
so a deeper section of the same form will be tried,, as follows: 

1 cover-plate, 21 x |-in. = 7.87 

2 web-plates, 24 x J-in. = 18.00 
4 flange-angles, 6 x 3J x f-in. = 13.68 

39.55 sq. ins. 

The radius of gyration about the horizontal axis through the 
center of gravity is found to be 9.01 ins. ; and the distance from 
this axis to the extreme outer fibers, 14.42 ins. Then, 

• ^ / ^- X • 473,300 ^^^^ 

area required for direct compression = -TTrTZTZTT = 29.58 

16,000 

'• A, u V * 1,819.800X14.42 ^^ ^^ 

area required for bending moment = — ^ -y- =20.20 

«7*Ux y\ 1D,UUU _^».ii«_«. 

sq. ins. 49.78 
The following section is used: 

1 cover-plate, 21 x J-in. = 10.50 

2 web-plates, 24 x ^-in. = 24.00 
4 flange-angles, 6 x 3} x J-in. = 18. 00 



52 . 50 sq. ins. 

In the top-chord member D F, the total compression = 588,400 
lbs.; and the total moment, 1,919,800 in.-lbs. Then, 

r J- . 588,400 

area for direct compression = TrrwuT ~ 36.// 

area required for bending moment, as before, = 20.20 



56.97 sq. ins. 
The following section is used: 

1 coyer-plate, 21 x ^-in. = 11.81 

2 web-plates, 24 x ^-in. = 27.00 
4 flange-angles, 6 x 3J x ^-i". = 20.12 

58.03 sq. ins. 

The sections used for the various members are given on the 
right-hand end of stress-diagram, Fig. 5, to avoid crowding. 
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Laterals. 

The top laterals are designed for a fixed horizontal force of 
150 lbs. per lin. ft., plus a moving horizontal force of 400 lbs. 
per lin. ft. The bottom laterals are designed for a fixed hori- 
zontal force of 150 lbs. per lin. ft. only. For convenience, the 
fixed horizontal force will be called dead-load, and the moving 
horizontal force, live-load. 

Panel dead-load for top and bottom laterals = 150x12.5 = 
1,875 lbs. 

Panel live-load for top lat erals only = 400X 12.5 = 5.000 lbs. 

Length of diagonals = \/10'-hl2.5' = 16 ft. 

Table of Top-Lateral Stresses. 
Shear in panels : 

AB ^ (l,875x3i) + (5,000 X ^) = 24,100 
BC => (I,875x2i) + (5,000X ^) = 17.800 
CD = (1,875XU) + (5,000 X v) = 12,200 

O 

DE = (1.875X i)-f (5,000X ^) = 7,200 

Stress in diagonals: 

1st =- 24,100 x|^ = -38.600 

2d = 17,800 X " = -28.500 
3d = 12,200 X " = -19,500 
4th = 7.200 X " = -11,500 

Table of Bottom-Lateral Stresses. 
Shear in panels: 

ab = 1,875 X 3i = 6.600 
be = 1.875 X 2J = 4,700 
cd = 1.875 X U = 2.800 
de = 1,875 X § « 900 
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Stress in diagonals: . . 

1st = 6,600 Xy5^ 10.600 

2d = 4,700 X " = - 7,500 
3d = 2,800 X " = - 4,500 
4th = 900 X " ^ 1,500 

The stresses are shown on diagram. Fig. 5; also the sections 
required, and the sizes used. For determining the net areas, 
two holes, 1 in. in diameter, are assimaed in each angle. 

End Brace-Frames. 

The end brace-frames are designed to resist four panels of dead- 
load and four panels of live-load, = 4 X(1.875 + 5.000) = 
27,500 lbs., applied at the top chord, as shown in Fig. 5. The 
diagonals are assumed to be capable of resisting tension only; 
so each one is designed for the whole load. Length of diagonals 

16 

= VIO' -1-12.52 == 16 ft. Stress in diagonals = 27,500 X Jq "* 

—44,000 lbs. The stress in top strut is equal to the applied 
load = +27,500 lbs. One-half of the wind force on top and 
bottom chords is assumed to be resisted by the anchor-bolts of 
the windward truss, and the other half is assimaed to be trans- 
mitted to those of the leeward truss through the bottom struts. 
Thus the stress in these members is equal to 4 X (1,875 4-1.875 4- 
5,000) X i = + 17,500 lbs. 

Details. 

Fig. 8 is a detail drawing showing an inside view of one-half 
of a truss, one-quarter plan of top laterals, one-quarter plan of 
bottom laterals, one-half of an end brace-frame, one-half of an 
intermediate brace-frame, pier-members, etc. The trusses are 
supposed to be shipped riveted up ; thus all rivets, except those in 
the connections of laterals and brace-frames, are shop-driven. 
The rivets used throughout are J-in. and, since all those in the 
main connections are in single shear, their value, (as per Table II, 
Chap. I), = 6,610 lbs. each; and the number of rivets required 
in the connection at either end of a member is equal to the total 
stress in that member divided by the value of one rivet. Thus, 
for member a B, the number of rivets required = 396 ,400 -i- 
6.610 - 60. 
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Bottom-Chord Splice. — The strength of the bottom-chord 

splice should be equal to or greater than the tensile strength of 
the member si)liced ; and care should be taken to insure that 
each angle and plate composing the member is spliced to its full 
value. The splice is located in the end panel a c, near panel- 
point c, as shown. The gusset-plates here, which are J-in. 
thick, are utilized to splice the IS x J-in. web-plates at a point 
1 ft. 7J ins. distant from the panel-point: and they arei also used 
to splice the vertical legs of the 3i x 3 J x |-in. angles, at a 
point 12 ins. from the web-splice. The horizontal legs of the top 
flange-angles are spliced by 3J x 1-in. flats, 1 ft. 9 ins. long; 
and the horizontal legs of the bottom flange-angles are spliced 
by a 21 x ^-in. tie-plate, 1 ft. ins. long. Thus the splice material 
is considerably in excess of the material spliced. The net area 
of the four 3J x 3i x J-in. angles = 6.92 sq. ins.; and their value 
in tension = 6.92 X 16,000 = 110,700 lbs. Then, 110.700 + 
6,610 =17 rivets required in these angles, whereas there are 24 
rivets provided — 12 rivets in the vertical legs and 12 rivets in 
the horizontal legs. The net area of the two 18 x |-in. web- 
plates .= 10.5 sq. ins.; and their value in tension = 10.5X16,000 
= 168,000 lbs. Then, 168,000-:- 6,610 = 25 rivets required in 
these plates, whereas there are 32 rivets provided, not cotinting 
those in the 3J x 3J x J-in. angles. The value of the rivets 
connecting the bottom-chord member r r at panel-point c should 
also be considered. The stress in this member, as shown on 
stress-diagram. Fig. 5, = 550,000 lbs. There are 98 rivets in 
the 18 X l-in. web-j^lates and the vertical legs of the 6 x 3^ x |-in. 
angles, 16 rivets in the vertical legs of these angles alone, and 
12 rivets in the horizontal legs of the angles, making 126 rivets 
in single shear, which, at 6,610 lbs. = 832,800 lbs. Therefore 
the splice is amply strong in every respect. 

If for any reason it were found necessary to ship the chords 
and web-members separately, the number of rivets to be field- 
driven should be increased 25% to allow for inferior riveting. 

Top-Chord Splice. — The toj) chord is spliced in panel C D, 
1 ft. lOi ins. from panel-point D. The joint is faced to make a 
perfect bearing for the abutting members, in order that the 
direct compression may be transmitted directly from one section 
to the other. The web and flange splice-plates are required only 
to hold the sections in line, and to provide for the local bending 
and shearing stresses in the chord. 
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Oosset-Plates. — The size of the gusset-plates is determined by 
the ntunber of rivets required in the connections; but their 
thickness is largely a matter of judgment, and partly governed 
by the thickness of web-plates in top and bottom chords, as will 
be shown presently. The width of the cover-plate on top chord 
is 21 ins., and the width of the flange-angles is 3 J ins. Then, 
keeping the edge of the flange-angles flush with the edges of the 
cover-plate, the distance back to back of angles, (or out to out of 
web-plates), = 21— (3§ + 3§) == 14 ins., which is constant through- 
out for both top and bottom chords. Beginning at panel- 
point S, where the web-plates are J-in. thick, and making the 
gusset-plates |-in. thick, the clear distance between the gusset- 
plates = 14-(JX2)-(f X2) = 11} ins. Keeping this clear dis- 
tance throughout, in order to make all web-members the same 
width, the thickness of gusset-plates at the various panel-points 
is determined as follows : At panel-point B, the thickness of one 
web-plate, plus one gusset-plate = J-in.+|-in. = IJ ins. At 
panel-point D, the thickness of web-plates = iV^^- '» therefore, 
the thickness of gusset-plates = IJ— yy = iV^^- ^^ panel- 
point a, the thickness of web-plates = |-in. ; and the thickness 
of gusset-plates = IJ— I = f-in. At panel-points c and e the 
web-plates are |-in. thick; then, the thickness of gusset-plates = 
1|— I = J-in. The width of the web-members is J-in. less than 
the clear distance between gusset-plates. This is to facilitate 
the assembling of the trusses. 

Pier Members. — As found previously, the dead-load reaction = 
48,000 lbs., and the maximum live-load reaction = 164,000 lbs* 
Then, the total reaction, including impact is as follows: 

Dead-load = 4<S,000 

Live-load =-. 164,000 

. ^ 164,0002 ,.^^^^ 

^"^^^^^ ^ i64;o6oT4-s:ooo = .^i:f^ 

339,000 lbs. 

Assuming the bridge-seat to be of sound limestone, the per- 
missible pressure per square inch = 400 lbs. Ihen, 339,000 -e- 
400 = 848 sq. ins. required in bed-plate. The bed-plates 
provided are 33 X 33 ins. = 1 ,0S9 sq. ins. Assuming rollers 5 ins. 
in diameter, the permissible pressure on them, per lineal inch, = 
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1,200 v/6 - 2,688 lbs. Then, 339,000+2.688 - 126 lin. Rns. 
of rollers required. There are 5 rollers provided, having a bearing 
length of 25 ins. each, = 125 lin. ins. in all. The ends of the 
rollers are turned down to IJ ins. in diameter, to pass through 
holes in the 4J x J-in. spacing-bars ; and cotter-pins are inserted 
in the ends of the outer rollers to prevent the bars fioxn dropping 
off. The ends of the intermediate rollers are just long enough 
to pass through the spacing-bars. The shoe- and bed-plates at 
the roller end, whir a are both If ins. thick, are planed to IJ ins. 
for a width of 25} ins., leaving a ridge |-in. high at each side to 
keep the rollers in place. The shoe-plate at the fixed end is 
planed all over to bear on the cast-iron bed-plate, which latter 
is made of l^in. metal, and faced top and bottom, as shown. 
The height of the cast bed-plate is made equal to the diameter 
of the rollers plus the thickness of the roller bed-plate, thus 
enabling the masonry at both ends of the span to be built at the 
same elevation. 

Sway and Lateral Bracing. — ^As the rivets in the connections of 
the sway and lateral .bracing are field-driven, their number is 
increased by 25% over the number required for shop-driven rivets. 
The top and bottom lateral connection-plates are intended 
to be in direct contact with the flange-angles, as shown; and, 
wherever tie-plates or lattice-bars interfere, the latter are to be 
sprung to allow the lateral plates to be placed between them 
and the flange-angles. 

Camber. — ^The trusses are cambered, or slightly arched, in 
order to offset the deflection due to dead- and live-loads. This is 
done by adding J-in. to each top-chord panel, except the end 
ones. The end panels, however, are shortened J-in. each to 
Jceep the posts over the abutments more nearly vertical. 

Estimated Weight. . 

The weight of the structure will now be estimated from the 
detailed drawings, as follows : 

Top Chords, Two Trusses. 

16 angles 6 xSJ x }-m.@15.30 ** 36 " lOi ins. long - 9.030 

4 plates 21 X i ** @39.10 lbs. 36 ft. lOi " " - 5.770 

8 plates 24 X i " ©40.80 " 36 " 10 J " " - 12,040 

2 plates 21 X A " ©40.17 " 28 ft. 9J " " - 2,310 

Carried forward, 29, 1 50 
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60 RAILWAY BRIDGES 



Summary. 




2 Trusses 


-113.800 


2 End Brace-Frames® 1.040 


- 2.080 


3 Intermediate Br9.ce-Frames@520 


- 1.560 


Top Laterals 


>» 3.590 


Bottom Laterals 


« 2.780 


Pier-Members 


- 6.340 




130.150 lbs 



Total weight of steel, not including pier-members, = 123.810 
lbs. = 1,238 lbs. per lin. ft. The assumed weight per foot was 
1,200 lbs. 

The above estimate should not vary more than 2% from the 
actual shipping weight of bridge; but, usually, an estimate is 
required before any detail drawings can be made; in which case, 
the customary method of procedure is as follows : The weight of 
a bar of iron one inch square and three feet long is 10 lbs. ; and of 
steel, 2% more. Then, the weight of the trusses will be equal 
to the gross areas of all the members, multiplied by their lengths, 

multiplied by ^, plus from 25% to 50% for details. This 

percentage varies with the form of truss and style of details, 

and can be determined approximately from similar structures 

of known weight. Stringers, flioorbeams, laterals, etc. are usually 

estimated in detail, assuming certain sizes for connection-angles 

and gusset-plates. 

Weight of Two Trusses. 

10 
Top Chords. A D = 52.50 sq. ins. X 37.5 ft. X -^ X 4 = 26.200 

DF= 58.93 " X 25 X " X 2 = 9.820 

Bottom Chords a c = 23.42 " X 25 X" X 4= 7.810 

<:i' = 44.70 " X 25 X " X 4 « 14,900 

Diagonals. a B = 33.51 " X 17.67 X" X 4« 7.900 

Bc = 24.43 " X 17.67 X " X 4 - 5,760 

cD= 17.99 " X 17.67 X " X 4 « 4,250 

Dr= 17.99 " X 17.67 X " X 4 - 4.250 

Vertical Posts. =13.51 ' X 12.5 X" XIO - 5.630 

86.520 

Details, 31 .5% of 86,520 - 27.280 

Previous estimate in detail = 113,800 lbs. 

The percentage for details derived above may be used in 
estimating the weight of trusses of similar design to the one just 
considered. 



CHAPTER IV. 
THE DESIGN OF A 150-FT. THROUGH PRATT TRUSS. 

This form c>f truss, when constructed with parallel chords, is 
most suitable for spans of from 125 ft. to 175 ft. For longer 
spans, a truss with a curved top chord, similar to the one treated 
of in Chapter V, will usually be foimd more economical. 

The general dimensions of the structure considered in this 
chapter are as follows : 

Length, 150 ft. c. to. c of end-bearings, = 6 panels of 25 ft. 

Depth, 30 ft. c. to c. of chords. 

Length of diagonals = \/25^ + 30^ = 39.05 ft. 

Width, 16 ft. clear; 17 ft. 9 ins. c. to c. of trusses. 

Stringers, 2 lines, 8 ft. c. to c. 

The economical depth will be found to be about one-sixth of 
the span. In the present example, however, the depth mrst 
be great enough to give the clear height of 22 ft. 6 ins. abrve 
base of rail required by the specification, and to permit of ar. 
efficient portal strut. It is usually necessary to make some 
rough calculations in order to determine the depth of stringers 
and floorbeams, and thus find the distance from the center of 
bottom chord to the base of rail. 

The width c. to c. of trusses, is determined by the width of 
the top chord and end-posts. 

The weight of floor, in accordance with specification, is taker 
at 600 lbs. per lin. ft. ; and the weight of the steel is determined 
by the formula 10/+ 100, thus: (10 X 150) -h 100 = 1,600 lbs. 
per lin. ft. Then, 

Dead-load (floor) = 600 
(steel) = 1,600 



(total) = 2,200 lbs. per lin. ft. 
Live-load as per specification. 
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Dead-Load Stresses. 
The dead-load stresses will be computed analytically. The 

2 200 

panel dead-load for one truss = \ X 25 =27,500 lbs., which 

is assumed to be concentrated at the lower intermediate panel- 
points. The concentrations at the end panel-points a and g are 
equal to one-half panel-load, = 13,750 lbs.; but these affect only 
the pier-members. The total dead-load reaction is equal to 3 
panel-loads, = 27,500 X 3 = 82,500 lbs.; and the dead-load 
reaction used in computing the stresses is equal to 2J panel loads, 
= 27,500 X 2J = 68,750 lbs. The shears and moments are 
computed in the same manner as those for the Warren girder, 
Chap. III. The stresses in members a B, B c, and C d are equal 
respectively to the shears in panels a b, b c, and c d, multiplied 
by the length of diagonal, and divided by the depth of truss. 
S 6 is simply a hanger, and the stress in it is equal to the panel- 
concentration, at 6. The stress in C c is equal to the shear in 
panel c d. There is no dead-load stress in D d, except that due 
to its own weight with the weight of top chord and laterals, 
which is small and may be neglected. The stress in a fc c is equal 
to the moment at B divided by the depth of truss. The stress in 
B C and c^is equal to the moment at c or C, divided by the 
depth of truss. And the stress in C D E is equal to the moment 
at rf, divided by the depth of truss. There is no definite stress 
in the diagonal member between panel-point b and the center 
of the end post a B; it is a stiffening member only. The dead- 
load stresses will now be tabulated. 

Table of Dead-Load Stresses. 

Shear in panel ab= 68,750- - 68,75 

6c= 68,750- 27,500 « 41,250 

cd= 68,750- (27,500X2) = 13,750 

Moment at panel-point B= 68,750X25 = 1,718,750 

c&C= (68,750 X 50) - (27,500 X 25) = 2,750.000 

• " d -(68,750X75)- [27.500 X (26-1- 60)] « 3,093,000 

39.05 
Stress in member aB^ 68,750 X—— «= -I- 89,600 

Bc^ 41,260X " -- 63.700 

Cd= 13,750X " «- 17,900 

Cc^ 13.750X1 -+ 13.750 

B6= 27,500X1 -- 27,600 
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Stress in member a b c= 1,718.750 X Tj; " " ^7,300 

B^ 2,750.000 X " -+ »1»700 

cd-2,750,000X " -- »1'700 

CD£: = 3,093,000 X " -+103.200 

Live-Load Stresses. 

The live-load shears and moments will be obtained from the 
moment-diagram, as in the previous examples, first constructing 
a diagram of the truss on tracing cloth, to the same scale as the 
moment-diagram. The rules, given in Chapter III, for finding 
the positions of the live-load for maximum shears and moments 
in the deck Warren girder apply to the present example. 

For the maximum shear in panel a b, as well as for the maxi- 
mum moment at B, the diagram of truss is placed on the moment- 
diagram with wheel 4 at 6, as shown in Fig. 10. In this position, 
the load in the panel to the left of 6 = 57,500 lbs. ; and the total 
load on span = 389,750 lbs., which values are obtained from 
the summation of loads on moment-diagram. Then 57,600 
lbs. is less than 389,750-^6 = 64,960 lbs. In other words, the 
load in the panel to the left of b is less than the total load on 
span, di\4ded by the number of panels in span. With wheel 
5 at 6, the load in the panel to the left of this point would be 
80,500 lbs.; and the total load on span would be 401,000 lbs. 
Since 80,500 is greater than 401.000-^6 = 66.830, the maximum 
shear in panel a b does not occur with wheel 5 at 6, but w4th wheel 
4 at this point, as shown. Verticals are dropped from a and^, 
intersecting the equilibrium-polygon in a^ and g,, through which 
points the closing line is dra^^^l. Then a line drawn through the 
point O in force-polygon, parallel with the closing line a^ ^j, 
and intersecting the vertical load-line, determines the reaction at 
a for this position of the load, which reaction is equal to the 
part of the iwad-line above this intersection. This reaction is 
greater than the shear in panel a b; for a, portion of the load in 
this panel is carried to the abutment by the end stringer, and 
must be deducted from the reaction to obtain the shear. The 
reaction of the stringer at a is determined by drawing a line 
through the point O in force-polygon, parallel with a closing line 
ci, b^, and intersecting the load-line. It is represented by the 
length of the load-line above this last intersection. Then the 
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shear in panel a 6 is equal to the total reaction, less the reaction 
of the end stringer, = 180,000 lbs., as shown. This position of 
the load also gives the maximum panel concentration at 6, 
which is determined by lines drawn through the point O in force- 
polygon, parallel with closing lines a, b^ and fc, c^, and inter- 
secting the load-line. Then the concentration at b is equal to 
the length of load-line between these two intersections, = 86.000 
lbs., as shown The ordinate at 6, between the main closing line 
and the equilibrium-polygon scales 30 ft. Then, 30 ft. X 150.000 
lbs. = 4,500,000 ft.-lbs., w^hich is the maximum moment at this 
point. 

For the maximum shear in panel b c, the diagram of the^truss 
is placed on the moment-diagram with wheel 3 at r, as shown in 
Fig. 11. In this position the load in the panel to the left of c = 
34,500 lbs.; and the total load on span = 322.250 lbs. Then 
34.500 lbs. is less than 322,250^6 = 53,700 lbs. With wheel 
4 at r, the load in the panel to the left of this point would be 
57,500 lbs.; and the total load on span would be 333. 500 lbs. 
Then, since 57,500 is greater than 333,500 h- 6 = 55,600. the 
maximum shear in panel b c does not occur with wheel 4 at r 
but with wheel 3 at this point, as showTi. Verticals are drawn 
through a and g, intersecting the equilibrium-polygon in a^ and 
^,, through which points the closing line is drawTi ; and verticals 
are alFO drawn through 6 and c, intersecting the equilibrium- 
polvgon in b^ and c,, and a closing line drawn through these 
latter points. Then, lines drawn thro igh the point O in ^crce- 
polygon, parallel with a, g,, and ^, Cj, and intersecting the \ertical 
load-line, determine the shear in panel b c. which is equal to the 
portion of the load-line between these two intersections. = 
118,000 lbs., as shown. 

The maximum shear in panel c d, w^hich occurs with wheel 3 
at d, = 75,000 lbs. 

The maximum shear in panel d r, with reference to the left- 
hand support, and which occurs with w^heel 2 at r, = 32.000 lbs. 

The maximum moment at c is found w^ith wheel 8 at this 
point, as shov^Ti in Fig. 10. The total load to the left of c 
divided by the number of panels between this point and the 
left-hand abutment, is just less than the total load on span 
divided by the number of panels in span, thus: 129,500-^2 = 
64,750 lbs. is less than 389,750 h- 6 = 64.960 lbs. Then, dropping 
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verticals througn a and g to intersect the equilibrium-polygon, 
and drawing the closing line, the ordinate at c between the closing 
line and the equilibrium-polygon is found to be 45.5 ft. ; and the 
maximum moment at this point = 45.5 ft. X 150,000 lbs. « 
6,825,000 ft.-lbs. 

The maximum moment at d is foimd with wheel 12 at this 
point. In this position, the total load to the left of d = 190,000 
lbs., and the total load on span = 389,750 lbs. Then, 190,000-?- 
3 = b3,300 lbs. is less than 389,750-^6 = 64,960 lbs. The 
ordinate between the equilibrium-polygon and the closing line 
at d scales 52 ft. ; and the moment at this point = 52 ft. X 
150,000 lbs. » 7,800,000 ft.-lbs. 

Table op Live-Load Stresses. 

39.05 
Stress in member aB^ 180.000 X - - 4- 234,000 

30 



M 
M 
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M 
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6.825.000 X 


M 


» 


-227.500 


CDE = 


7,800.000 X 


M 


^ 


+ 260,000 



The dead- and live-load stresses are summarized on the stress* 
diagram. Fig. 9, and the impact stresses added according to 
specification. 

There is no dead-load stress in the center post D d, or in the 
counter-ties D e and D c, neither will there be any stresses in 
these members from the live-load when covering the span ; but, 
with the maximum positive shear in panel d e (with reference to 
reaction a), which occurs with wheel 2 at e when the train is ad- 
vancing towards a, post D d will be in compression and the 
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coiinter-tie Dein tension. With this latter condition of loading, 
the main tie d E will be slackened up, and one-half of the panel- 
load at d, which goes to the support at g, must go up the post 
D d and down the coimter-tie D e, thus relieving the live-load 
compression in the one and the live-load tension in the other; 
but in accordance with clause 10 of specification, only 70% of 
the effect of the dead-load is considered to counteract the live- 
load stresses in these members. Thus the resulting computed 
stresses m D d and D e are due to live-load only; and, therefore, 
the impact stresses are equal to the net live-load stresses. The 
stresses in these members are summarized as follows: 

7 
POST D d, Dead-load = -13.750 Xjr: = - 9,600 

Live-load = -1-32,000 

Impact = •32,000-9,600 =+22,400 



Total = -h 44,800 



7 
COUNTER-TIE D €, Dead-load = -I- 17.900 X Tq = + 12,500 



Live-load = -41,500^ 

Impact = -41,500-1-12,500= -29,000 



Total = - 58,000 

The struts from panel-points h ancj / to the center of end- 
posts are stiffening members only, and usually called ** collision 

struts/* 

Laterals. 

The top laterals are to be designed for a fixed horizontal force 
of 150 lbs. per lin. ft. ; and the bottom laterals for a fixed hori- 
zontal force of 150 lbs. per lin. ft., plus a moving horizontal force 
of 400 lbs. per lin. ft. The top-lateral system consists of a 
horizontal truss of four panels, supported laterally at B and F 
by the portal struts. The bottom-lateral system consists of 
a horizontal truss of six panels. Panel dead-load for top and 
bottom laterals = 150 lbs. X 25 ft. = 3,750 lbs. Panel live-load 
for bottom laterals only = 400 lbs. X 25 ft. = 10,000 lbs. Length 
of diagonals « \/l7.752-f25' = 30.6 ft. 
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Top Lateral Stresses. 
Shear in Panels Stress in Diagonals. 

BC = 3,750X li = 5.625 1st =5.625X ^^ = -9,700 

CP = 3,750X } = 1,875 2d = 1,875X " = -3.200 

Bottom Lateral Stresses. 
Shear in Panels. 

ab = (3,750x2i) + (10,000x15/6) = 34.400 
fee = (3,750Xli) + (10.000X10/6) = 22,300 
cd = (3,750 X i) + (10,000 X 6/6) = 11.900 

Stress in Diagonals. 

1st = 34.400 X ^^v = -59.000 

2d = 22,300 X " =-38,500 
3d = 1 1.900 X '' = -20,400 

Portal Strut. 

There are 2J panel loads of wind force applied at the top of 
portal strut = 3,750 X2J = 9,400 lbs. This force is assumed 
to be resisted equally at the foot of each post. It is also assumed 
that the posts are fixed at the bottom, and that the plane of 
contraflcxure is half-way between the foot of posts and the lower 
extremities of portal strut. Then, for the purpose of figuring 
the portal stresses, the ends of the posts may be considered to 
lie in this plane, as showTiin Fig. 9. The horizontal reaction at 
the foot of each post = 9,400 Xi = 4,700 lbs.; and the bending 
moments at the knee-connections due to these forces = 4,700 X 
16 ft. = 75,200 ft. -lbs. These moments are resisted by forces 
at the top of posts acting with lever-arms of 7 ft., which forces =« 
75,200 -^ 7 = 10,700 lbs. The force of 10.700 on the leeward 
side of portal induces a tensile stress of the sameamoimt in this 
side of the top strut; and, on the windward side, the force of 
10,700 combined with the applied-force of 9.400 induces a com- 
pressive stress = 10,7004-9,400 = + 20.100 lbs. 

The horizontal force at the lower end of each knee-brace is 
equal to the induced force at top of post, plus the horizontal 
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reaction at its foot, = 10J00 + 4,700 = 15,400 lbs.; and the 
stress in knee-brace is equal to the horizontal force at its foot, 
multiplied by its length and divided by one-half the width of 

113 
portal. = 15,400 X rf^- =19,500 lbs. This stress will be tension 

o.y 

on the windward side of portal and compression on the leeward 
side. 

Proportioxixg of Truss-Members. 

For the area required in the tension members, the total stress 
in each is divided by 16,000; and for the area required in the com- 
pression members, the total stress in each is divided by 16,000 
reduced by formula for fixed ends, as show^ in Fig. 9. For the 
net area in tension members, allowance has been made for two 
holes of 1 in. diam. in each angle and each plate. 

The end-posts must be capable of resisting the bending 
moments due to wind force, as well as the direct stresses; but, 
when these are taken together, the maximum fiber-stress may 
be 20,000 lbs. per sq. in. The total compression in post = 
492.700; and the greatest unsupported length, which is the 
distance from its foot to the lower extremity of portal strut, « 
32 ft. Then, assuming 

1 cover plate, 21 XyV^^- == ^-^^ 

2 web-plates, 18xJ-in. = 13.50 
4 angles, 6 x 3ix J-in. = 13.68 



30.37 sq. ins., 

the radius of gyration about the neutral axis perpendicular to 
cover-plate is found to be 7.08 ins.; and the distance from this 

/ 32 
axis to the outer fibers=5=10i ins. — = - ^.r: = 4.5, which, by 

r / . 08 

Table I, corresponds to a permissible unit stress of 13,700 lbs. 
per sq. in. for fixed ends. 

Area required for direct compression alone = 492,700-5- 
13,700 = 35.96 sq. ins. 

The bending moment due to wind force, as already determined 
s= 75.200 ft.-lbs. = 902.400 in. -lbs. Then, for the combination 
of direct and bending stresses, the area required is as follows: 
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Area required for direct compression = 492,0004-20,000 = 24.63 
Area required for bending moment (Chap. Ill), 

^ Mn _ 90 2,400X10.5 

r'/ "" 7.08^X20,000 =^^45 

sq. ins. 34.08 
Since this is less than the area required for direct stresses 

alone, the assumed section of 36.37 sq. ins. will be used. 

Stringers. 

The span of stringers = 25 ft. The dead-load on one stringer 
consists of one-half the assumed weight of floor plus the weight 
of stringer, = 300 + 150 = 450 lbs. per lin. ft. For the maximum 
live-load reaction, or end shear, wheel 2 is placed over one 
support with wheels 3, 4, 5 and 6 on the stringer. Moments of 
these loads are then taken about the opposite support and 
divided by the span. 

END shear: 
Dead -load = 450 lbs. X 25 ft. X J = 5,600 

,. , , (13,000X1)4-23.000(104- 15-h 20 + 25) ^, ^^ 
Live-load = — ^^ ^« 64,900 

64 900' 
Impact = -6479 00 -f 5,600 "= ^9,700 

lbs. 130.200 

Area required in web-plate = 130.200 -^ 10,000 = 13.02 sq. ins. 

A 42 X |-in. web-plate, = 15.75 sq. ins., will be used. 

For the maximum moment the live-load will be four dri^nng- 
wheels. This maximum moment will not be exactly at the 
center of span, but imder the second driving-wheel, when this 
wheel and the center of gravity of the four driving-wheels are 
equidistant from the center of span. The center of gravity of 
the four driving-wheels is 2.5 ft. to the right of the second 
driver; therefore the distance from center of span to point 
of maximum moment = 2.5 X J = 1.25 ft. Then, placing the 
second driver 1.25 ft. to the left of center line, the first driver 
will be 6.25 ft. from the left support, and the fourth driver 
will be 3.75 ft. from the right support. The reaction at left 
support is obtained by taking moments of the four loads about 
the right support and dividing by the span ; and the maximtim 
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moment will be equal to this reaction multiplied by its distance 
from the second driver, less the weight of first driver multi- 
plied by its distance from the same point. 
Left-hand reaction for maximum moment =» 

23.000 (3.75 + 8.75 + 13.75 + 18.75) ., .^,. 
; — = 41,400 IDS. 

moment: 

Dead-load = i52><^ = 35,150 

o 

Live-load = (41,400X11.25) - (23,000X5) = 350,750 

350,750^ 

Impact = =318,700 

350,750 + 35,150 

704,600 ft.-lbs. 

The effective depth of stringer, or distance c. to c. of gravity 
of flanges, will be about 3.25 ft. Flange-stress = 704,600 -J- 
3.25 = 216,600 lbs. 

Flange-area required = 216,6004-16,000 = 13.54 sq. ins. 

Then J of 42 x f-in. web-plate = 1.94 

9 . 
2 angles, 6x6x-;-^-in. = 11.73 (one hole 1 in. diam. in 

Id 

each angle). 



13.67 sq. ins. net. 

The following formulas will be found convenient for com- 
puting the maximum moment for two, three, or four equal 
loads, equally spaced, as is usually the case with the dri\4ng- 
wheels of typical locomotives. 

For two equal loads, Af = — . i /— — I . (1) 

For three equal loads, M =P (^ l-a). (2) 

/ — 2a + —.). 

in which M = maximum moment, 
P = a concentrated load, 
/ = length of span, 
a « distance between loads. 



(3) 
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For stringer in present example, P = 23,000 lbs., / — 25 ft., 

<i - 5 ft. 

Then, from formula (3), M = 23,000 ^25- 10 + ^^) « 
360,760 ft.-lbs., as before. 

Intermediate Floorbeams. 

The effective length of floorbeam is assumed to be equal to 
the distance c. to c. of trusses, = 17.75 ft. The stringer con- 
centrations are 8 ft. apart, and 4.875 ft. from center of trusses. 
The weight of floorbeam is assumed to be 3,000 lbs., which is a 
distributed load. The dead-load concentrations from stringers 
= 450 lbs. X 25 ft. = 11,250 lbs. The live-load concentrations 
from stringers, which are equal to the maximum panel-concen- 
tration at 6, and fotmd graphically in Fig. 10 = 86,000 lbs. 

END shear: 

Dead-load = (3,000 X J) + 11,250 = 12,750 

Live-load = 86,000 

^ ^ 86,000' ^^^^ 

^'^P^^' = 86,000+12,750 =_74^ 

173,650 lbs. 

Area required in web-plate = 173,650-?- 10.000 = 17.36 sq. ins. 
A 54 X §-in. web-plate, = 20.25 sq. ins., will be used. 

moment: 

Dead-load = 3.000X1 //o ^(n,250X 4.875) ==61,150 

Live-load = 86,000X4.875 =419,000 

, ^ 419.000' o^. «^^ 

^"^P^^' = 419,000 + 61,150 ^i?^ 

845,850 ft.-lbs. 

Effective depth of floorbeam = 4.25 ft. Flange-stress « 
845,850-^-4.25 = 199,000 lbs. Flange-area required = 199.000 
^16.000 = 12.44 sq. ins. 

Then \ of 54xJ-in. web-plate = 2.53 

9 
2 angles 6 x 6 x —in. = 10.61 (2 holes 1 in. diam. in 

each angle). 



13.14 sq. ins. net. 



I 
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End Flo6rbeams. 

The effective length and location of stringer-concentrations 

are the same as for intermediate floorbeams. The weight of 

floorbeam = 3,000 lbs. Dead-load concentrations from stringers 

= 450 lbs. X 12.5 ft. = 5,600 lbs. Live load concentrations from 

stringers, as determined in connection with stringers, = 64,900 lbs. 

END shear: 

Dead-load = (3.000X J) +5,600 = 7.100 

Live-load =64,900 

64 900' 
^^P^^' == 64,900 + 7,100 ^^j^'[ 

130,500 lbs. 

Area required in web-plate = 130,500-?- 10,000 = 13.05 sq. ins. 
A 54xf-in. web-plate = 20.25 sq. ins., will be used. 

moment: 

Dead-load = -^0^^>^^^^'^ +(5,600X4.875) = 34,000 

Live-load = 64,900X4.875 =316.000 

^^p^^' == 3i6;^o'+-34-;oo^ -^^^^ 

635,000 ft.-lbs. 

Effective depth of floorbeam = 4.33 ft. Flange-stress = 
635,000-^4.33 = 146,500 lbs. Flange-area required= 146,500 -h 
16,000 = 9.17 sq. ins. 

Then, 

i of 54x|-in. web-plate =2.53 

2 angles, 6x3ixi'i-in. =7.06 (1 hole 1 in diam. in each 

angle). 

9.59 sq. ins. net. 

The 3i-in. legs of flange-angles will be connected with the 
web-plate, as a single line of rivets will be found sufficient for 
the longitudinal shearing stresses. 

Some prominent bridge engineers advocate making the end 
floorbeams like the intermediate ones; because, owing to iheir 
position, they are subject to very great impact stresses when 
the live-load first comes on the bridge. 
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Details. 

Fig. 12 is a detail drawing of the bridge showing an inside 
view of the truss, top and bottom laterals, intermediate floor- 
beam and top strut, end floorbeam, portal strut, stringers, and 
pier-members. In order to save space, and at the same time 
to make the details as clear as possible, the center-line diagrams 
of truss and laterals are drawn to a smaller scale than the de- 
tails. The center of gravity of end-post and top-chord sections 
is made to coincide with the center-line diagram; and the dis- 
tance from the backs of top angles of these members is found to 
be about 7 J ins. 

Rivets J-in. in diameter are used throughout. The value of 
one rivet in single shear (Table I, Chap. I) = 6,610 lbs.; and 
since for field-connections the number of rivets in a joint must 
be 25% in excess of the number of shop rivets required, the 
value of one field rivet in single shear = 6,610 X f = 5,280 lbs. 

Detail at A. — The stress in end post = 492,700 lbs. Then 
492,700 -i- 5,280 = 94 field rivets, in single shear, required in end 
connection ; whereas the drawing shows 98 rivets. The main cover- 
plate of post is cut off just far enough from the end to clear the 
gusset plates, and the section is reinforced at this point by two 
angles 4x3ixJ-in., which also serve to distribute the connecting 
rivets more symmetrically about the center-of-gravity lines. 

The stress in bottom chord = 315,800 lbs. Then 315,800 -5- 
5,280 « 60 field rivets in single shear required, whereas the draw- 
ing shows 72 rivets. The gusset plates must be planed on the 
bottom edges to bear perfectly on the shoe-plate. The vertical 
diaphragm is required to distribute the end-floorbeam load be- 
tween the two gusset plates. The maximum load on end- 
bearing is as follows: 

3 panels of dead-load(3^ 27,500 - 82,500 

Live-load (from moment diagram, wheel 2 at a) —228,000 

228,000» ^lAQonn 

Impact - ^28-^j^j^j _^ ^^-^^ - ^^^^^^ 

lbs. 478.600 

Spherical bearings are provided to prevent tmeven loading 
of the masonry and secondary stresses in truss members which 
would otherwise occur if the bridge-seat were slightly out of 



I 
I 
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level, or with the deflecticm of ihe bridge. The upper casting 
is concave, and made o( steel. The lower casting is convex, 
and made of steel or iron. The two are connected by a 2i-in. 
bolt which passes through their centers, the hole in the upper 
casting being large enough to permit of a slight movement, 
Assuming 5-in. rollers, the permissible bearing per lineal inch 
= 1.200\/5'= 2,680 lbs. Then 478,500-^2,680 - 178 lin. ins. 
required. There are 6 rollers of 30 ins. bearing- length each. — 
180 hn. ins. pro\-ided. The upper and lower roller-plates are 
planed with ridges at each side, which serve to guide the rollers 
and prevent lateral movement. The required area of bed-p!ates 
- 47S,500-i-400 = 1.196 sq. ins. The size of the roller-plate, 
in this instance, is governed by the rollers. Its area= 39X36 
= 1,400 sq. ins. The lower casting at fixed end is made deeper 
than that at the roller-end by the diameter of the rollers plus 
the thickness of roller-plate. This arrangement permits of both 
bridge-seats being built at the same elevation. The area of 
the fi.'ced-end bed-plate = 36x36 = 1.2ft6 sq, ins. 

Detail at B.^Ai ihis point, the end-post and top chord 
sho'jld have enough rivets in the web-connections for the total 
stresses; for, although the ends of these members are faced, it 
is not considered advisable to trust to their bearing against 
one another to transmit stresses. The splice-plates on top and 
bottom flanges are only counted on for lateral stiffness. The 
number of rivets required in the various members at this point 
is as follows: 

In a B, 492,700 -^ 6.610 = 75 shop rivets. 
" B C, 481,300 -^ 5,280 - 92 field rivets. 
" B c. 320,900 H- 5,280 = 61 " " 
" B b. 178,600 -J- 5,280 = 34 " " 

Detail at C. — In the top-chord splice at this point, the rivets 
are only intended to hold the members in line, the faced ends 
of the abutting members being relied on to transmit the stresses 
from one section to the other. 

The number of field rivets required in Cc =152.150-^5,280 = 29 

" " " " " Cd =197,800-^5,280-38 

Detail at D.— 

The number of field rivets required in Dif =44,800-^5,280 — 8 

" " " " " .... tZ? =58,000-5-5.280 - 12 



U U U u u u 

u u a a a a 
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Detail at c. 

The number of field rivets required in B c =320,900^5,280 = 61 

" cD = 58.000^5.280=12 
" C c will be determined by 
floorbeam reaction. 
The bottom chord is spliced 1 ft. lOj ins. to the left of panel- 
point c. The stress in 6 c: = 315,800 lbs., and the value of 
rivets on left side of splice is as follows: 

48 field rivets in single shear @ 5,280 =253.400 
8 " " " double " @ 10,560 = 84,500 

337.900 lbs. 

The rivets on the right-hand side of splice should be eqtial 
in value to the stress in cd, = 481,300 lbs.; and the value of 
these rivets is as follows: 

66 shop rivets in single-shear @ 6,610 = 436.000 
8 field " " " " @ 5.280 = 42.000 
8 " " " double " @ 10,560 = 84,500 



562.500 lbs. 

Gusset Plates. — As stated in the previous example, the thick- 
ness of gusset plates is determined largely by judgment. Plates 
f-in. thick would appear to be about right for panel-points 
a, B, and c. and J-in. plates elsewhere ; but, in order to keep 
the posts of a uniform width, and, at the same time, to avoid 
the use of fillers as far as possible, f-in. plates are also used 
at C and D, 

Web-plates A -in. thick are used in all vertical members. 
These plates do not appear on the stress-diagram for the rea- 
son that no metal less than J-in. thick is to be used for main 
members. But A-i^^- metal may be used for tie-plates, which 
these are assumed to be. 

The bottom-chord member cde has holes on the center line 
of web-plate, about one foot apart, for drainage. 

Short tie-plates are provided for the counter-ties and end- 
sections of bottom chord to reduce vibration. 

Stringers. — For the rivet-spacing in flanges, the stringer is 
supposed to be divided into 6 equal panels, and the shear com- 
puted at the center of each. The maximum live-load shear at 
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• 

any point is obtained with sufTlcient accuracy by constructing 
a parabola, as in Fig. 2, making the maximum ordinate equal 
to the end shear (64,900 lbs.), as previously determined. The 
longitudinal shear per lineal inch at the flanges is assumed eqtial 
to the vertical shear, divided by the distance in inches between 
the centers of gravity of the top and bottom flanges; and the 
amount of this shear to be transferred to the flange-angles is 
proportional to 

net area of one flange 1 1 . 73 

net area of one flange + J of web-plate 13 . 67 

In addition to the longitudinal shear on rivets, those in the 
top flange are required to support the wheel-concentrations, 
which are assumed to be distributed over a length of 36 ins. 
Then the total stress per lineal inch to be resisted by the top- 
flange rivets will be equal to 

x^Fongitudinal shear per lineal inch on rivets)- -h (vertical load 

per lineal inch)'. 

Rivet-Spacing in First Panel — 

Shear at center of panel : 

Dead-load = 5,600 - (450 X 2) - 4,700 

Live-load (from diagram) => 55,000 



110,500 lbs. 
Distance, c. to c. of gravity of flanges = 39 ins. 

Longitudinal shear, per lin. in. at flanges = — ;^- — = 2,(S30 lbs. 

1 1 . 73 

Longitudinal shear, per lin. in. on rivets = 2.830 Xpr~~ =* 

2.430 lbs. 

Bearing value of one J-in. rivet on ?-in. web-plate = 7,220 lbs. 

7 220 
Required spacing in bottom flange = .yx^iii ^ ^'^ ^^^' 
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The maximum wheel-concentration is 23,000 lbs., to which 
is added 23,000 lbs. impact, making 46,000 lbs. to be distributed 
over a length of 36 ins., = 1,275 lbs. per lin. in. Total stress, 
perlin. in. to be resisted by top-flange rivets » \/2,430'+ 1,275* 
= 2,740 lbs. 

7,220 

Required spacing in top flange = ' ^ = 2.6 ins. 

Rivet-Spacing in Second Panel. 

Shear at center of panel: 

Dead-load = 5,600 - (450X6) « 2,900 

Live-load (from diagram) -^38,000 

38,000» o. ,^^ 

^^P^"' == 38,000 + 2,900 ^!^ 

76,000 lbs. 
Longitudinal shear, per lin. in., at flanges = — ^ — = 1,950 lbs. 

11 73 

Longitudinal shear, per lin. in., on rivets = 1,950 X ■ .' , = 

13. 67 

1,670 lbs. 

7,220 

Required spacing in bottom flange = ' = 4.3 ins. 

Total stress, per lin. in., to be resisted by top-flange rivets «» 
\/Tj670Hn",2752 = 2,100 lbs. 

7 220 
Required spacing in top flange == * = 3.4 ins. 

Rivet-Spacing in Third Panel. — 

Shear at center of panel: 

Dead-load = 5,600- (450X10) = 1,100 

Live-load (from diagram) =23,000 

23 000^ 

^■"P^^'* = -23:oo6TiTIoo =?2^ 

46.100 lbs. 
Longitudinal shear, per lin. in., at flanges = — 55 — = 1,180 lbs. 
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1 1 73 

Longitudinal shear, per lin. in.,on rivets => 1,180 X iV-x= — 

1o.d7 

1,010 lbs. 

7 2*^0 
Required spacing in bottom flange = * =7.1 ins. 

Total stress, per lin. in., to be resisted by top-flange rivets » 

Vl,010^+ 1,275* = 1,630 lbs. 

7 220 
Required spacing in top flange = ^ * ,.,; = 4.4 ins. 

l,DoU 

The rivets will be spaced as follows: 

In bottom flange : 1st panel, 2i ins. staggered ; 2d panel, 4 ins. 
staggered; 3d panel, 6 ins. staggered. In top flange: 1st panel, 
2i ins. staggered; 2d panel, 3 ins. staggered; 3d panel, 4 ins. 
staggered. 

End Conuections.— The total end shear = 130,200 lbs. Then 
130,200-5-7,220 = 18 rivets required in bearing on f-in. web- 
plate. The drawing shows 15 rivets in the connection-angles, 
and 6 extra rivets in the filler plates which extend beyond the 
connection-angles, making 21 rivets in all. The number of 
rivets required to connect the stringers with the floorbeam will 
be determined by their bearing value on the web-plate of floor- 
beam. The ends of the stringers are required to be faced to 
exact length; and, for this reason, the connection-angles are 
made extra heavy. 

It is intended to use 8 x 12-in. ties on the stringers, notched 
down i-in., leaving llj ins. from top of stringer to base of rail, 
as shown. 

Intermediate Floorbeams. — The total end shear, as already 
found, = 173,650 lbs. 

The vertical distance between centers of gravity of top and 
bottom flanges = 51 ins. 

Longitudinal shear per lin. in. at flanges = — ^ — =3,400 lbs. 

01 

Area of flange-angles = 10.61; and area of angles -f J of web- 
plate = 13.14 sq. ins. 

10.61 



Longitudinal shear per lin. in. on rivets = 3,400 X 



13.14 
2,740 lbs. 
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Required spacing of rivets in flanges, between ends and 

7,220 
stringer-connections = '^,,, = 2.8 ins. 
^ 2,/40 

There is no vertical shear between the stringer-connections, 
and, therefore, no horizontal shear on the flange-rivets. These 
rivets are spaced 6 ins., staggered. 

The rivets connecting the end-angles with the floorbeam are 
in bearing on the |-in. web-plate. The number required = 
173,650 -^ 7,220 = 24. The drawing shows 24 rivets in these 
angles, and 6 extra rivets in the filler plates which extend 
beyond the angles, making 30 rivets in all. 

The rivets connecting the stringers with the floorbeam are 
also in bearing on the §-in. web-plate, but they are to be field- 
driven. The number required = 24 + 25% = 30, as shown. 

The rivets connecting the floorbeam with truss are in single 
shear and field-driven. The number required = 173,650 -i- 
5,280 = 33. In the connection to the vertical truss-member 
at fe, only the rivets above the bottom-chord angles are efficient, 
of which there are 36. 

The ends of floorbeams are to be faced to exact length. 

End Floorbeams.— The total end shear = 130,500 lbs. 

Vertical distance between centers of gravity of top and bot- 
tom flanges = 52 ins. 

1 in ^()C\ 

Longitudinal shear per lin. in. at flanges = ——^ = 

2,510 lbs. 

Area of flange angles = 7.06; and area of angles 4- J of web- 
plate = 9.59 sq. ins. 

7 06 
Longitudinal shear per Hn. in. on rivets = 2,510 X^r-^ = 

1,850 lbs. 

Required spacing of rivets in flanges, between ends and 

7,220 
strinj^er-connections = ,' -^ = 3.9 ins. 

l,o5l) 

The end gusset plates of trusses, with diaphragms and shoe 
plates, are shop-riveted to the floorbeam for convenience in 
erection. The rivets in these connections are in single shear 
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and the number required = 130,500^-6,610 = 20. The draw- 
ing shows 22. 

The brackets, shown in connection with the end stringer, are 
required to carry the outer tie, adjacent to ballast- wall. 

Laterals and Portal Struts. — The connections of these members 
are designed to resist the stresses shown in Fig. 9. 

Camber. — The trusses are cambered by adding A"^"- ^^ each 
top panel. 

Special Angles. — The 8x4J-in. angles used in this design are 
obtained in Scotland. 

EsTiiiATED Weight. 

Two Trusses. 
END- posts: 



Cover-plates. 












LENGTH 


[. 






4 plates 


21 xA 


-: 


in.® 


31.34 lbs. 


35 ft. 


1 


in. 


= 


4,400 


^'eb'plates. 




















> 


8 plates 


18 X i 




"@ 


22.96 


M 


37 - 


7 


ins 


.= 


6,920 


Flange-angles. 






















8 angles 


6 x3i X 


i 


"@ 


11.70 


M 


37 " 


7 


« 


= 


3.520 


8 angles 


6 x3i X 


1 


"@ 


11.70 


M 


37 " 


3 


u 


= 


3,480 


Lock-angles. 






















8 angles 


4 x31 X 


J 


"® 


11.90 


« 


4 " 


4 


tl 


= 


410 


Fillers. 






















8 flats 


4 X i 




"@ 


5.10 


U 


2 " 


6 


M 


= 


100 


Gussets a I 






















8 plates 


61 X J 




" ©129.64 


M 


4 *' 


10 


M 


= 


5.000 


Shoe-connections . 




















8 angles 


6 x4 X 


i 


'*@ 


20.00 


M 


3 " 






= 


480 


Diaphragm. 






















4 plates 


lljx J 




"@ 


14.68 


M 


5 " 


1 


in. 


= 


300 


16 angles 


4 xSJ >; 


: i 


" @ 


9 10 


U 


5 " 


1 


u 


= 


740 


Gussets B. 






















8 plates 


45 X J 




"© 


95.64 


M 


5 " 


8 


ins 


_ = 


4,330 


Hip-covers. 






















4 plates 


21 X 1 




"@ 


26.78 


•1 


1 " 


8 


M 




180 


Tie-plates. 






















4 plates 


21 X « 




"(^ 


26.78 


l< 


3 " 


6 


U 


— 


380 


8 plates 


21 X i 




" (a 


26.78 


M 


1 " 






^ 


210 


4 plates 


21 X i 




"@ 


26.78 


M 


1 " 


9 


U 


== 


180 


Lxitttctn^ 
104 flats 


21x i 




"@ 


3.19 


« 








r= 


670 














Forward 




i 
• 


31,300 
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FilUrs. 




B^o^g^ 


t forw-ard 


31.300 


a flats 


6 X 1 - 


n.@ 12.75 lbs 


1ft 




- 100 


4 flats 


3xi 


- @ 3.83 " 




9 i 


ns,- 10 


4 fiats 


3 X 1 


" @ 3.83 " 




9 


- - 30 


4 tlat^ 


3ix i 


"@ 4.47 - 




9 


" - 30 


4 flats 


3t^ 1 


*■ @ 4.47 ■ 




6 


■ - 60 


TOP chords: 












Cover-piaU-i. 












4 plates 


21 xA 


■ @ 31.34 " 


24 " 


6 


" - 3,060 


Web-phus 












8 plates 


18 X 1 


" @ 22.96 ■ 


24 " 


6 


" - 4.500 


Flange-angles 












8 angles 


6 x31x i 


-@ 11,70 - 


24 ' 


S 


" - 2,270 


8 angles 


S x31x 1 


-@ 11.70 ■ 


24 " 




- 2.250 


Cmier-ptaies. 












2 plates 


21 nA 


"@ 31.34 " 


51 ' 


9 


" - 3.2W 


Web-plaUs. 












i pbtB.-, 


18 X i 


- @ J-J.Wi ■ 


51 - 


9 


- - 4,770 


Flange-aHgU-a 












8 angles 


6 x31xA 


' @ 13.50 " 


51 - 


9 


■ - 5,610 


Gussfts C 












8 plates 


40 X 1 


" ^ 85.00 " 




3 


" - 2,890 


ftujrtj D 












4 plates 


30 X 1 


" Is 63,75 ■■ 




9 


" - 960 


SpUeeB. 












4 flats 


3ix i 


-at l-t7 " 




7 


" - 30 


Splices C and D. 










6 flats 


3ix 1 


- @ 4.47 - 




9 


• - SO 


6 plates 


18 X i 


- ^ 22.96 - 




3 


- - 240 


TU-pU^s. 












4 plates 


21 ^ i 


" @ 26.78 - 




9 


" - 190 


12 pUtes 


21 X 1 


■ @ 26.78 ■ 






- 320 


Lmicing. 












144 flats 


2ix i 


"@ 3.19 ' 






- 920 


F.H(r». 












8 flats 


6xft 


- @ 8.93 " 




6 


" - 30 


HOTTOM CHOR 


Ds: 










F/a«gi'J. 












16 angles 


8 x41x i 


" (p. 20.40 " 


47 " 


9 


- -15,000 


8 angles 


8 x41xH 


" @ 27.60 " 


53 " 


9 


" -11,8-iO 


Webs. 












2 plates 


llix i 


" (S- 14.G8 - 


56 " 




- 1,640 


Tie-plaies b. 












4 plates 


Uix i 


" @ 14.68 - 


4 " 




- 230 


Tie-plates a. 












4 plates 


llix i 


" @ 14.68 " 


2 " 


i 


" - 140 


48 plates 


llix 1 


" @ 14.08 " 


6 " 




- 350 
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16 flats 
Cussets b. 


4 X J 


-in.® e.80 lbs. 


.ught forv 
•J ft. 3 


^-ard 20.810 
ins. - 240 


8 i^lales 


27 X 1 


" @ 45.90 




■2 ' 


- 740 


S plates 
Giissi-is d. 


51 X 1 


•■ @H)8.a7 




5 ' 4 


" - 4.630 


4 plates 


41 X i 


■■ @ 89.80 




4 *■ 10 


" = \.:iM 


END POST STF 


lUTs: 










8 angles 
Tie-plates. 

8pUtes 
LaUking 
60 flats 


6x3ix 1 
11!== I 
21x i 


" @ 11.70 

" @ u.m 

- ^- 2.87 




18 - 
9 
1 - 


" - 1,730 

" - 90 

= 170 



4 plates llixA " €■ 1222 " 27 " - 1.320 

8 angles 7 xSJx,^ "@ 15.00 - 27 ' = 3.240 

8 angles 7 x3)xj^ " @ 15.00 "20-9 " - .1.210 

Fillers. 

4 plates 14jx ) ' @ 24.6:. " 2 " 6 " = 250 

Ccand Dd. 

6platcs ll)xi^ "@ 12.22 " 28 " iuj - = 2,120 

24 angles 7 xSJxft "@ 15.00 " 28 " 10) " =10,400 

FilUrs. 

4 pUtes 14ix I " @ 30,81 " o " - GO 

2 plaWs UJx i - @ 24.65 - 1 " 4 " =■ 70 



16 angles 6 x3)x 1 " @ 18.00 ' 

4 plates ll)x } ' @ 14.68 ' 
d. 

16angles 6 xSJx | "@ 11.70 " 

4 plates ll!x j "@ 14.68 - 

8 angles 3Jx3)x j ~@ 8.50 ' 

8 angles SJxSJx \ ' @ 8.50 " ■ 

32 angles 3ix3ix i " @ 8.50 " 

48 plates ll)x 1 " @ 14.68 " 

8 plates 25 X I " @ 31.88 ' 



Rivet-beads (3%) 



-11.100 




- 2,150 




- 0.750 




= 2,120 




- 1,210 




= 1,190 




= 240 




= 350 




- G30 






25.740 




148,o:iO 


- 


4.4S0 



86 RAILWAY BRIDGES. 

One Ekd Floorbeam. 



Wib-plaie. 






















1 plate 


Mx J 


- 


in.(a 08.85 lbs. 


16 ft. 


^ins. 


long 


» 


1.150 


Flanges. 






















4 angles 


Gx3JxA 


** @ 13.50 


M 


16 " 


9 


« 


« 


» 


910 


End-contu'ctions. 






















4 angles 


0x3 J X 


i 


" @ 18.90 


U 


4 " 


6 


M 


« 


r 


340 


FUUrs. 






















4 plates 


9xA 




" @ 13.40 


M 


4 - 








« 


210 


Brackets. 






















2 plates 


42x \ 




" ^ 53.55 


M 


1 - 








» 


110 


4 angles 


3Jx3ix 


i 


" @ 8.50 


H 


1 - 


2 


M 


M 


= 


40 


4 angles 


3x3 X 


i 


" %^ 7.20 


M 


2 " 


9 


M 


u 


« 


80 


Stiffcners. 






















4 angles 


4x3Jx 


i 


" @ 9.10 


U 


4 " 


6 


M 


M 


— 


160 


FiUers. 






\ 
















2 plates 


8JxA 




" ©12.64 


U 


4 " 








■■ 


100 
3.100 


Rivet-heads C3<;t) 
















« 


100 



3.200 
One Intermediate Floorbeam. 
Web-plale. 

1 plate 54x J -in.@ 68.85 lbs. 16 ft. 9 ins. long » 1.150 

Flanges. 

4 angles 6.x6 xft " (5\21.90 " 16 " 9 " " « 1,470 

End-connections, 

4 angles 6.\6 x ^ "(5 24.20 *' 4 " 6 •* " - 630 

Fillers. 

4 plates 9xA " ®17.22 " 3 " 6 " " « 240 

3,490 
Rivet-heads (3%) - 100 

' 3,590 

' One Stringer. 

Web- plate. 

1 plate 42x g -in.@ 53.55 lbs. 25 ft. long— 1,340 

Flanges. 

4 angles 6x6 xft " (5 21.90 "25" « 2.190 

End-con nections. 

4 angles 6x6 x J " (<?24.20 " 3 " 6 ins. " - 240 

Fillers. 

4 plates 9x1% "(517,22 " 2" 6 " " = 170 

Stiff ener 

10 angles 3x3 Xj^ " @ 6.10 " 3 " 6 " " « 210 

4 150 

Rivet-heads (3%) . 120 
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4 angles 
Gussets. 

2 plates 

3 plates 



One Panbl of Stringbr Bracing. 
3x3 x^-in.@ 6.10 lbs. 9 ft. 



long- 220 



8xA 
SxA 



" @ 8.50 
" @ 8.50 



M 



1 
1 



M 



8 ins. 



Rivet-heads (2%) 



Bottom Laterals. 



20 
40 

280 
10 



290 



First Diagonals. 






















4 angles 


6x4 X 


i-: 


in. ©16.20 lbs. 


27 ft. 


6 


ins 


.long 


« 


1,780 


Second Diagonals. 






















4 angles 


6x3ix 


i 


" ©11.70 


u 


27 " 


3 


u 


44 


= 


1,280 


Third Diagonals. 






















4 angles 


3x3 X 


i 


" @ 7.20 


M 


27 " 


6 


•4 


44 


- 


920 


Connections. 






















8 angles 


3ix3Jx 


i 


" @ 8..50 


M 


1 *' 


5 


M 


44 


- 


100 


8 angles 


3Jx3ix 


i 


" @ 8.50 


U 


1 " 


1 


M 


44 


«- 


70 


Gussets. 






















4 plates 


17x * 




" <gi21.68 


M 


3 " 


1 


U 


44 


= 


270 


4 plates 


lox i 




' @ 19.14 


M 


5 " 


3 


«4 


14 


= 


400 


4 plates 


13x i 




^ 16.58 


M 


4 " 


11 


M 


U 


= 


330 


2 plates 


13x i 




" (5 16.58 


M 


4 " 


7 


U 


44 


= 


150 


Connections. 






















4 angles 


3Jx3Jx 


i 


" @ 8.50 


U 


2 ** 


2 


4< 


44 


= 


80 


4 angles 


3Jx3Jx 


i 


" @ 8.50 


M 


2 " 


4 


14 


44 


= 


80 


4 angles 


3ix3ix 


i 


" @ 8.50 


M 


1 " 


8 


44 


44 


= 


60 


4 angles 


3ix3Jx 


i 


" (01 8.50 


U 




I 


44 


44 


= 


70 


4 angles 


3ix3ix 


i 


" ^ 8.50 


U 


1 " 


8 


44 


44 


= 


60 


4 angles 


3ix3ix 


i 


" @ 8.50 


M 


1 " 


9 


14 


44 


= 


60 


FiUers. 






















4 fiats 


31x J 




" (^ 5.95 


U 


1 " 


6 


<4 


44 


= 


40 


4 flats 


3ix i 




" © 5.95 


U 


1 " 


7i 


44 


44 


= 


40 


4 flats 


3*x i 




" © 7.44 


M 


7 " 


6 


44 


U 




10 




5.800 


Ri^'et-heac 


is (2%) 


















120 




5,920 








Top Laterals 














8 angles 


3x3 x^- 


in.® 6.10 lbs. 


27 ft. 


4 ins. 


long 


= 


1,330 


16 angles 


3x3 x^ 


h 


" © 6.10 


M 


13 " 


6 


44 


u 


= 


1,320 


Tie-plates. 






















24 plates 

• 


9xA 




" © 9.56 


« 


1 " 


6i 


41 


14 


= 


350 



Forward 



3,000 
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LaUicing. 






Brought forward 3.000 


280 flats 


2ixA 


-in.@ 2.65 lbs. 


1ft. 9 ins. 


long - 1.300 


Gussets. 










4 plates 


18xA 


- @^19.13 " 


71 - 


- - 50 


4 plates 


12x i 


- ©15.30 - 


2 " 4 


- - 140 


12 plates 


iixA 


-@11.68 - 


4 " 


- - 560 


8 plates 


l^ft 


- ©14.87 " 


1 - 7 • 


- - 190 
5.240 


Rivet-heads (3%) 






- 160 



One Portal Strut. 



5.400 



Top Strut. 




















2 angles 


31x3ix 1- 


in.@ 8.50 lbs. 


16 ft. 






long 


— 


270 


Diagonals. 




















4 angles 


3ix3ix } 


" @ 8.50 


u 


9 " 






•• 


— 


310 


4 angles 


3x3 x^ 


" @ 6 10 


M 


4 " 


1 


-in. 


M 


— 


100 


Horizontal. 




















2 angles 


3x3 xft 


" @ 6.10 


U 


7 " 






M 


- 


90 


Gussets. 




















4 plates 


12x J 


" @15.30 


U 


1 " 


9 


in.s. 


it 
1 


" 


110 


2 plates 


12x i 


" @15.30 


44 


1 " 


6 


M 


M 


— 


50 


4 plates 


22xA 


" ©23.36 


M 




9 


U 


M 


— 


70 


2 plates 


12x 1 


" ©15.30 


U 


2 ** 


3 


M 


U 


— 


70 


Tie- plates. 




















12 plates 


19xft 


- ©20.20 


U 




9 


M 


M 


— 


180 


Lo/Zurtn^. 




















48 flats 


2ixft 


" © 2.65 


M 


1 " 


9 


m 


M 


) 


220 
1,470 


Rivet-heads (3%) 














) 


40 



1.510 





One Intermediate Top Strut. 






Flanges. 














4 angles 


3i X 3 xft- 


in.© 6.60 lbs. 


16 ft. 


long 


— 


420 


Tie-plates. 














2 plates 


18ixA 


" ©19.66 " 


1 " 


4iins. " 


— 


50 


2 plates 


12 X i 


" ©15.30 " 


2 " 


3 « « 


= 


70 


Connections. 














4 angles 


3x3 x^ 


" © 6.10 " 


1 - 


5J " - 


- 


40 


Latticing. 














16 flats 


2ixA 


" © 2.65 " 


2 - 


M 


— 


90 


Knees. 














4 angles 


3x3 xft 


" © 6.10 " 


7 - 


3 - - 


- 


180 


Connections, 














4 angles 


8x3ix { 


"©14.26 " 


1 - 


« 


** 


GO 
910 


Ri\'et-hcads (3%) 








- 


JO 














940 
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Pier MsMBE^ts. 
Shoe-plaies. 

4 plates 24x4 ins.@326.40 lbs. 3 ft. long - 3,930 

RoUer-plales. 

2 plates 39x41 " @596.70 " 

4 angles 4ix3xi in. @ 9.10 " 
RoOers. 

12 rounds 5-in. diam. @ 66.76 " 
Spacing-bars, 

4 flats 4ix i in. @ 7.65 " 

RoUer bed-plates. 

2 plates 39x2 ins. @265.20 " 

Fixed bed-plates. 

2 castings (36x36x14 ins.) - 25 (5 2x5.2x7 ins.) - 26.840 

cu ins. @0 26 lb. - 7.000 

Anchors. 

8 rounds l}-in. diam. @ 6.00 lbs. 2 ft. long - 100 



3 " 4 " 
2 - 5i- 


M 

M 


- 3.980 
90 


2 " 9 " 


M 


= 2.200 


3 " 


M 


90 


3 - 


M 


- 1.590 



18.980 



Summary. 




2 Trusses 




- 152,460 


2 End Floorbeams 


@ 3,200 


= 6,400 


5 Intermediate Floorbeams 


@ 3.590 


- 17,950 


12 Stringers 


@ 4.270 


- 51,240 


6 Panels Stringer-Bracing 


(* 290 


- 1,740 


Bottom Laterals 




= 5,920 


Top Laterab 




= 5,400 


2 Portal Struts 


@ 1.510 


- 3,020 


3 Intermediate Top Struts 


@ 940 


« 2,810 


Pier-members 




- 18.980 




265.930 lbs 



The total weight of steel, exclusive of the pier-members « 
246,950 lbs. ; and the weight per lineal foot - 246,960 h- 150 = 
1,645 lbs., whereas the assiimed weight per foot was 1,600 lbs. 

To ascertain the percentage of details in trusses, the weight 
of the main members will be estimated separately, using the 
c. to c. lengths, and assuming that a bar of 1 sq. in. cross-section 
and 3 ft. long weighs 10 lbs., as explained at the end of Chapter 
IIL 
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Estimate of Weight of Trl'ssbs. 

10 
a B « 36.37 sq. ins.x39 ft. x — • x 4 - 18.000 

3 



BC -36.37 - x25 " x-^x4- 12,100 



CD =38.57 - x25 * x-^x4- 12.850 



abc =.24.00 " x25 " x-^x8= 16,000 



cd -36.79 " x25 " x— x 4 = 12,300 



10 
Posts =17.60 " x30 " X— xlO= 17,600 



Struts = 6.84 "xl9.5 " x---x4= 1,780 

«5 



Be =26.51 " x39 "* x— x4= 13,750 



Cd -17.99 - x39 " x-^x4- 9.380 



De = 5.74 - x39 " x^x4- 2.850 

117.510 
Details = 29.7% « 34.950 



Prcvious estimate in detail s 152,460 lbs. 



CHAPTER V. 

THE DESIGN OF A 200-FT. THROUGH PRATT TRUSS 

WITH CURVED TOP-CHORD. 

i 

The truss shown in Fig. 13 is similar to that of Chapter IV, 
but the curved top-chord makes the stresses more difficuit to 
compute. This form of truss is most suitable for spans of 
from 175 ft. to 275 ft. Its outline is pleasing to the eye; and 
the material in it is economically disposed, for the inclined 
top-chord transmits a considerable portion of the shear (with 
a very small increase of section), thus materially lightening 
the web-members. The principal objection to it is the some- 
what greater cost of manufacture, due to the beveled joints 
of the top-chord. The depth at the hips is determined as in 
the previous example, viz.: by the clear height required, the 
depth of portal strut and the depth of floor system. For the 
sake of appearance, as well as to avoid excessivel}' long com- 
pression-members, the top-chord should not be curved : too 
much. ! 

The weight of steel for dead-load, as computed by the for- 
mula (10/4- 100) = (10X200) -h 100 = 2,100 lbs. per jin. ft. It 
may also be approximated from the weight 6f the loO-ft. si?an: 
for the weight of the floor systems will be nearly propx)rtional 
to the spans, and the weight of the trusses and bracing to the 
squares of the spans. 

For the 150-ft. span, the weight of floor system = 77,33d 

the weight of trusses and 

bracing' . =160.020 



total weight, exclusive of 

pier-members . = 240,950 lbs. 

91 
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Then, for the 200-ft. span, 

the weight of floor svstem = 77,330 X— =103,100 

160 

the weight of trusses and bracing = 169,620 X 
200» 

= 301,200 



150 



2 



total weight, exclusive of pier-members =404,300 lbs.; 
and 404,300 -h 200 = 2,020 lbs. per Un. ft. For the stresses, 
2,100 lbs. per lin. ft. will be assumed. 

The general data are as follows: 

Length, 200 ft., c. to c. of end-bearings = 8 panels of 26 ft. 

Depth, 30 ft., c. to c. of chords at hips; 39 ft. at center of 
span (parabolic top-chord). 

Width, 16 ft. clear; 18 ft., c. to c. of trusses. 

Two lines of stringers, 8 ft. c. to c. 

Dead-Load : " (floor) 600 

(steel) 2,100 



(total) 2,700 lbs. per Hn. it. 
Live-load as per specification. 

Dead-Load Stresses. 

The dead-load stresses will be obtained graphically. The 

2 700 
panel load for one truss =— ^-^ — X25 = 33,800 lbs., which is 

assiuned to be concentrated at each lower panel-point. 

Fig; 14 consists of a diagram of the truss and two stress-dia- 
grams for dead-load. Letters a to i are used to denote the lower 
panel-points; B to H the upper panel-points; and -K" to S the 
loads and reactions. In stress-diagram, (^se I, it is assumed 
that all the main ties are in action; which is true, either with 
no live-load on span, or with live-load over all. In stress- 
diagram, Case II, it is assumed that the counter-ties in panels 
ef and fg are in action, and the main ties in these panels 
idle; which is true when the positive live-load shear in these 
panels, with reference to reaction a, exceeds the negative dead- 
load shear. In practice, only one diagram. Case II, need be 
drawn. There is no difficulty in constructing the stress-dia- 
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grams. The loads are taken from left to right", and laid off 
on the load-line from K to R downwards; then the right-hand 
reaction RS upwards; and, finally, the left-hand reaction 
5 K to the point of beginning. In taking the forces at any 
panel-point in regular order from left to right, those acting 
away from the panel-point indicate tension in the corresponding 
member, and those acting towards it, compression. \ 

Live-Load Stresses. 

The live-load stresses will also be obtained graphically. 

For the maximum shear in panel a b, which determines the 
stress in a B, as well as for the maximum moment at B, the 
position of the live-load is determined as in previous examples, 
viz.: the load in the panel to the left of b must be equal to 6t 
less than the total load on span divided by the number of 
panels in the span. With wheel 4 at b, as shown in Fig. 15, 
the load in panel a 6 = 57,500 lbs., and the total load on span 

= 502,250 lbs. Then 57,500 is less than ' ^'J = 62.800. .If 

wheel 6 were placed at ^, it would be found that the load in 
the panel would be considerably greater than one-eighth of 
the total load on span. Thus the assumed position is correct. 
To obtain the panel-concentrations and reactions for this po- 
sition of the live-load, verticals are aropped from the panel- 
points intersecting the equilibrium-polygon in points a^, b^, 
Cj, etc.; then lines are drawn through the pole in force-polygon, 
parallel with a^ fcj, b^ Cp etc., and intersecting the load-line in 
points Kf L, M..,,R. The distances between these latter 
points represent the corresponding panel-concentrations. An- 
other line drawTi through the pole, parallel with the closing 
line a^ i^, and intersecting the load line in the point 5, deter- 
mines the reactions R S and 5 K. The stress-diagram is then 
proceeded ^4th in the same manner as for dead-load stresses. 
Although this position of the load only giyes the" maximum 
stresses at end of truss, the stress-diagram is drawn for the 
whole truss, to illustrate the method more clearlv. 

On account of the slope of top chord, a portion of the shear 
in the intermediate panels is transmitted by it, and the remain- 
der by the web-members. Therefore the general rule which 
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determines the position of the live-load for the maximum 
shear in a p^nel, does not apply strictly to the web-members 
in the panel; but, as will be seen later, it may be used in the 
majority of cases without appreciable error, especially when 
the slope of the top chord is not excessive, as in the present 
example. 

For the maximtun shear in panel b c, wheel 3 is placed at c, 
as shown in Fig. 16. The load in the panel to the left of c = 
34,600 lbs., and the total load on span = 434,750 lbs. Then 

34,500 is less than ^ = 54,300. With wheel 4 at c, the 

o 

load in panel 6 c w^ould be greater than one-eighth of the total 
load on span. Thus the assumed position is correct. Now 
the position of live-load for maximtun stress in S c is determined 
by the following rule, the theory of which is fully explained 
in Johnson's ** Theory and Practice of Modem Framed Struc- 
tures ": 



('n)<" 



in which W =» the total load on span. 

G = the total load in panel 6 c, not including load at c, 

n = the number of panels in the truss. 

X = the distance from end a to left-hand end of panel 
b c. 

s » the distance from end a to the point where top- 
chord section B C,ii produced, would intersect 
the bottom chord produced, which would be 
the point of moments for determining tne stress 
in S ^, if computed analytically. 

It is found that s = 125 ft., and ^ = 25 ft. With wheel 3 
at c. G « 34,500 lbs., and W = 434,750 lbs., m = 8. Then 

(OK \ 4Q4 JKO 

1 + 3^) = 4^»4^0' which is less than ' "" = 54,300. 

With wheel 4 at c, it is evident that ff f IH — j would be greater 

W 
than — ; thus the assumed position is correct, whici. is the 
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same as found by the rule for the maximum shear in panel b c. 
Verticals are drawn through a and i, intersecting the equilibrium- 
polygon in Oj and ip through which latter points the closing 
line is drawn. Then a line drawn through the pole in force- 
polygon, parallel with closing line, and intersecting the load- 
line in 5, determines the reaction S K, Since it is only intended 
to proceed with the stress-diagram far enough to obtain the 
stress in B c, it is unnecessar}^ to obtain the panel concentrations, 
except the one ahead of the train, at b. Verticals are drawn 
through b and c, intersecting the equilibrium-polygon in b^ and 
r, ; then, a line drawn through the pole in force-polygon, parallel 
with 6j Cj and intersecting the vertical load-line in L, determines 
the concentration at 6, which is K L, The stress-diagram is 
now drawn to obtain the stress in B c, which is / /j = 170^000 lbs. 
For the maximum shear in panel cd, the load in the panel 
to the left of d should be equal to or less than one-eighth of the 
total load on span. With wheel 3 at d, the load in panel = 
34,500 lbs., and the total load on span = 378,500 lbs. Then 

34,500 is less than ^ — '- = 47,300; and the assumed 

position is correct. If the chords were parallel, this position 
would give the maximum stresses in C c and C d. The rule used 
in determining the position of load for the maximum stress in 
^c will now be applied to C c and C d. For C c, the point of 
moments for computing its stress analytically is at the point 
where the top-chord section B C, produced, intersects the bot- 
tom chord, produced. Then s = 125 ft. as before, and x is 
the distance from a to c, = 50 ft. Assuming wheel 3 at d, 

C?= 34,500 lbs., and W= 378,500 lbs. Now, 34,500 l\ + ^) 
= 47,300 is equal to — -^ = 47,300. Thus the assumed 

o 

position of load is correct for this member. For C d, the point 
of moments for computing its stress analytically is at the inter- 
section of top-chord section CD, produced, with the bottom 
chord, produced. Thus s is found to be 242 ft.; Jt = 50 ft.; 

G = 34,500; W = 378,500. Then 34,500 l\ + -^i = 41,700 
itbs. is less than ^ — -^ — = 47,300. Therefore wheel 3 at d 
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gives the maximum compression in C c and the maximtun ten- 
sion in C d. Constructing the stress-diagram in the same manner 
as for the stress in B c, but continuing it a little farther, the 
maximum compression in C c is found to be + 92,000 lbs. ; and 
the maximum tension in C d, - 120,000 lbs. 

Since the position of live-load for maximum shear has been 
found to give the maximum stresses in web-members in panels 
where the inclination of the top-chord is comparatively great, 
it may be assumed that it will give the maximum stresses in 
web-members near the center of span, where the top-chord is 
more nearly horizontal. 

Then, for the maximum shear in panel de^ and the maximum 
stresses \n D d and D e, wheel 3 is placed at e, the load in 
panel d^ = 34,500 lbs., and the total load on span = 322,250 

lbs. Then 34,500 is less than ^^^'^^^ = 40.300. Constructing 

o 

the stress-diagram, it is found that the maximum compression 
in DJ = +63,000 lbs., and the maximum tension m De = 
-91,000 lbs. 

With wheel 2 at /, the maximum compression in Ee =« + 
43,000 lbs., and the maximum tension in E/ — -68,000 lbs. 

With wheel 2 at g, the maximum tension in Fg =»- 43,000 
lbs. 

The position of live-load for the maximum moment at any 
panel-point is determined as in the previous examples. That 
is to say, the moment at any panel-point is a maximum when 
the total load to the left of this point, divided by the number 
of panels between it and the left-hand abutment, is equal to 
or less than the total load on span divided by the number of 
panels in span. Furthermore, the live-load should cover the 
span, and the heavier wheel-concentrations should be brought 
as near as possible to the panel-point where the moment is 
required, with a wheel at the panel-point. 

The maximum moment at c occurs with wheel 7 at this point; 
for the total load to the left of c divided by 2, is just less than 

116 500 

the total load in span divided by 8. Thus * = 58,250 

491 000 
is less than ■ ^ = 61,375. This position of the live-load 
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gives the maximum stress in BC= +290.000 lbs., and the max- 
imum stress in c d. = - 285.000 lbs. 

The maximum moment at d occurs mth wheel 11 at this 
point. The total load to the left of d = 167.000 lbs., and the 

167.000 



total load on span = 491,000 lbs. Then - 



= 55,700 lbs. 



1 than ■ 



- = 61,375 lbs. This position of the live- 
load gives the maximum stress in CD = +330,000 lbs,, and 
the maximum stress in de = -328.000 lbs.; also the max- 
imum tension in Dd = - 20,000 lbs. These results are prac- 
tically the same as those which may be scaled from the 
stress- diagram, Fig. 15. 

The maximum moment at e occurs with wheel 13 at this 
point. The total load to the left of c = 213,000 lbs., and the 
2I3,00C 



total load on span =457.250 lbs. Then, 



= 53.250 



lbs. is less tha 



457.250 
S 



= 57,150 lbs. This position of the 



live-load pves the maximum stress in D E and EF = -r-342,000 
lbs., and the maximum tension in Ee. = - 27.000 lbs. 

Only one diagram of the truss is required, which should be 
drawn on a sheet of tracing cloth large enough to contain the 
stress-diagrams for all the different cases. The truss-diagram 
should be placed on the moment -diagram in the various posi- 
tions stated above, and the reactions and panel-concentra- 
tions determined for each case. The various stress -diagrams 
may then be distributed over the sheet in any manner found 
most convenient. 

The stresses, as already determined, are as follows: 
Fig. 14). Live-Load Stresses. 

aB -+3H.0OO (wheel 4 at 6) 



Dbad-Load Stresses (fi 
aB -+ 153,(MHI 

Bb 34,000 

Be - — 72,000 
Ce ~+ 21.000 

Cd 40.000 

Dd — 3,000 
De ~- 10,000 



= — 86.000 (wheel- 4 at b) 

Be =—170.000 (wheel Sate) 

Cc " + 93.000 (wheel 3 at d) 

Cd 120.000 (wheel 3 at d) 

Dd ^ + 03,000 (wheel 3 al e) 



Dd ^ 



' 20.00(1 («■■ 



I at d) 
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Dead-Load Stresses (from Ifig. 14). 

Ee =— 16,000 (Case I) 
Ee =— 22,000 (Case II) 
Ef =^ 10,000 (Case II) 
Fg = + 40.000 (Case II) 
Bf = +146.000 
C D = +168.000 
D E = -^172.000 
a bc^— 98,000 
cd =—143,000 
de -=—167,000 



Live-Load Strbssbs. 

De =—91,000 (wheel 3 at ^ 

Ee =— 27.000 (wheel 13 at e 

£ f - -H 43.000 (wheel 2 at / 

Ef =— 68,000 (wheel 2 at / 

F g =.— 43,000 (wheel 2 at g 

BC ^ +290,000 (wheel 7 at c 

C D = +330.000 (wheel 11 at rf 

DE ^ +342.000 (wheel 13 at c 

abc=' —204.000 (wb el 4 at 6 

cd - — 285.000 (wheel 7 at c 

de = —328,000 (wheel 1 1 at ^ 



The dead- and live-load stresses are shown in Fig. 13, with 
impact added according to specification. 

In member D d, the dead-load stress is - 3,000, and the 
live-load stresses are -20,000 and +63,000. Thus the total 
range of live-load stresses = 20.000 + 63,000= 83,000. and the 
maximum stress which can occur at one time = 63,000 - 3,000 

R3,000' 



= 60,000 Then impact = 



= ±115,000. In member 



60,000 

Ee, the dead-load stress, Case I, = - 16,000, and the dead- 
load stress. Case II, = - 22,000. The live-load stress, - 27.000 
occurs with Case I, and the live-load stress, +43,000, occurs 
with Case II. The total range of live-load stresses = 27,000 + 
43,000 = 70,000, and the maximum stress which can occur at 

70.000^ 



one time = 16,000 + 27,000 = 43.000. Then impact = 



43.000 



= ±114.000. 

In the counter-tie E f there is only a live-load stress, which is 
equal to that obtained with wheel 2 at /, less 0.7 of the dead- 
load stress (Case II) = 68,000-7,000 = 61,000; and the im- 
pact is equal to this net. stress. 

Likewise, in counter-tie F g, the net live-load stress = 
- 43,000 + 30,000 = - 13,000; and the impact, as before, is 
equal to this net stress. 

Laterals. 

The top and bottom laterals are to be designed for a fixed 
horizontal force of 150 lbs. per lin. ft.; and the bottom laterals 
for a moving horizontal force of 400 lbs. per lin. ft. 
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The top-lateral system may be assumed to consist of a hori- 
zontal truss of 6 panels, supported horizontally^ at B and H 
by the portal struts. The bottom-lateral system consists of a 
horizontal truss of 8 panels. Length of panels = 25 ft. Depth 
of truss = 18 ft. Length of diagonals = \/25^-|-18^ = 30.8 ft. 
Panel dead-load for top and bottom laterals =-- 150 lbs.x25 ft. 
= 3,750 lbs. Panel live-load for bottom laterals only = 400 
lbs.x25 ft. = 10.000 lbs. 



Top-Lateral Stresses. 



SHEAR IN PANELS. 



BC =3,750x2 J =9.375 

C D = 3,750x1 J -5,625 
Z^£: = 3.750x 1=1.875 



STRESS IS DIAGONALS. 
30.8 

lst = 9,375x-— = -16,000 

lo 

2d =5,625x " = 
3d = l,875x " . 



- 9.600 

- 3.200 



125 



Bottom-Lateral Stresses. 
shear in panels. 

/ 28\ 

ab = (3,750x3J)-i-l lO.OOOx— 1 =48, 

be - (3,750x2i) -^ nO,000\— j =35,625 
(3.750x1 J) + (l0,0O0x-^j =24,375 



cb 



de =(3.750x J) -^ flO.OOOx— j =14 



STRESS IN DIAOOXALS. 

SO 8 
1st = 48. 125x^— = -82,400 

lo 



375 



2d =35,625x 
3d =24.375x 
4th =14.375x 



" =-60.900 
" =-41.700 
" =-24.600 



Portal Strut. 

The portal strut will be similar to that of the 150-ft. span, 
and the method of computing the stresses exactly the same. 

The force applied at top = 3} panel loads of 3,750 lbs. = 
13,125 lbs. 

Horizontal reaction at foot of each post = 13,125xi =6,560 
lbs. 
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The plane of contraflexure is assumed half-way between lower 
ends of posts and knee-connections. 

Bending moment in posts at kneebrace connections » 6,560 
lbs. X 16 ft. = 105,000 ft.-lbs. = 1,260,000 in.-lbs. 

Forces required at top of posts to balance these moments = 
105.000 X \=- 15,000 lbs. 

Stress in top strut (windward side) = 15,000-1-13,125 — 
+ 28,125 lbs. 

Stress in top strut (leeward side) = — 15,000 lbs. 

Horizontal forces at knee-connections = 15,000-1-6,560 =» 
21,560 lbs. 

11 4 
Stress in kneebraces = 21,560 X -^ -= - 27,200 lbs., for wind- 

ward side; and -1-27,200 lbs. for leeward side. 

The sections required and material provided for laterals and 
portal struts are shown in Fig. 13. 

Proportioning of Truss-Members. 

The areas required for the tension members are determined 
directly by dividing the total stress in each member by the 
unit stress, 16,000 lbs. per sq. in. 

The end-post a B must be designed so that the maximum 
fiber-stress, due to the combination of direct and bending 
stresses, shall not exceed that allowed for the direct stresses 
alone by more than 25%. Assuming 

1 cover-plate 24 Xi -in. =12.00 

2 web-plates 21 X J " =21.00 
4 angles 6X3iXK =18.00 



51.00 sq. ins., 
the radius of gyration with reference to an axis through the 
center of gravity and perpendicular to the cover-plate, is found 
to be 8.4 ins.; and the distance from this axis to the outer 

/ 32 
fibers = 12 ins. ; — = ^-j = 3.8, which from Table I, corresponds 

to a permissible unit stress of 14.350 lbs., for fixed ends. For the 
combination of direct and bending stresses, the permissible 
unit stress may be taken at 16,000 + 25% = 20,000 lbs.; for 
the maximum moments occur at foot of post and at knee- 
connection, at which points it is unnecessary to reduce the unit 
stress by a column formula. 
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The area required for direct compression alone = 678,000 ■«- 
14,350 = 47.2 sq. ins. 

The bending moment due to wind force, as already deter- 
mined. = 1.260,000 in.-lbs. 

Then, for combination of direct and bending stresses, the area 
required is as follows: 
Area required for direct compression = 6/8,000-5-20,000 =33.90 

Area required for bending moment (Chap. Ill) = 



1,260,000X12 
8.4^X20,000 



11.50 



sq. ins. 45.40 
The first condition requires the greater area, and the fol- 
lowing section will be used: 

1 cover plate 24 X i -in. =12.00 

2 web-plates 21 X A " =18.38 
4 angles 6x3ixK =18.00 

48.38 sq. ins. 
For the top chord the same form of section will be used. 
The least radius of gyration is about an axis through the center 
of gravity and parallel with the cover-plate. It is found to be 
7.9 ins. 

/ 25 5 
Top Chord B C. — Length = 25.5 ft.; — = -=-^ = 3.2; permis- 

sible unit stress for fixed ends (by Table I) = 14,800 lbs. ; total stress 
= 629,000 lbs. Then 629,000 ■¥ 14,800 = 42.5 sq. ins. required. The 
specification requires that the unsupported width of cover- 
plates for top chords and end-posts shall not exceed 40 times 
their thickness (because material of less relative thickness is not 
considered efficient in compression) ; and this unsupported width. 
or distance between rows of rivets, in the present example = 
24 - 3 = 21 ins. Then the minimum thickness of cover-plates 

21 

permissible = 77^ = i-in. The folloA\4ng section will be used 

for BC: 

1 cover-plate 24 X i in. =12.00 

2 web-plates 21 X i " =15.75 
4 angles 6 X 3i >: A " = 15.88 

43.63 sq. ins. 



106 RAILWAY BRIDGES. 

The sections required and those used for members C D and 
D E are shown in Fig. 13. 

Bottom Chords. — The bottom chords will be made of four 
8x4J-in. angles, and, where necessary, side-plates will be added. 
For the net area, allowance will be made for two holes, 1 in. in 
diameter, in each angle and each plate. The areas required, as 
well as the material pro\'ided, are given in Fig. 13. 

Intermediate Posts. — For the intermediate posts four bulb- 
angles will be used, as shown. Carnegie section ** B 132,'* the 
dimensions of which are 8x3JxJ}-in., will be tried. The area 
of one angle = 5.66 sq. ins., and its moment of inertia about 
an axis through its center of gravity and parallel with the 
shorter leg = 48.8. The position of its center of gravity is 
not given in the handbook, but may be found readily by draw- 
ing the section to scale on stiflE paper, cutting it out and then 
balancing on a knife-edge. It is located 3.82 ins. from the 
back of shorter leg. The 3i-in. legs will be separated A-i^-» 
which is the thickness of web-plate. Then the distance from 
the neutral axis of the whole section to the center of gravity 
of the angles will be 3.82 -f 0.16= 3.98 ins. The web-plates 
are not noted on the stress-diagram, as they are not assumed 
to be part of the effective section of the posts. The moment of 
inertia of the four angles about an axis through the center of 
gravity of the whole figure and parallel with web-plate = 

I =(4X5.66X3.98') + (4X48.8)= 553.8. 



1 553^ = 4.94 ins. 
^ 22.64 



The total stress in C c, including impact, = 188,000 lbs. ; length 

/ 35 

= 35 ft.; - = -r^r: = 7.1, which corresponds to a imit stress 
r 4.94 

of 11,400 lbs. for fixed ends. Then 188.000 -^ 11,400 = 16.49 sq. 
ins. required. The area of the assumed section, 22.64 sq. ins., 
is larger than required for the stress; but the short leg of a 
7-in. bulb-angle, which measures but 3 ins., does not give suflficient 
room for driving the rivets in web-plate; and the radius of 
gyration of a post composed of four plain 7x3i-in. angles would 
not be great enough to fulfil the condition that the length of 
post shall not exceed 100 times its least radius of g)rration. 
The same material will be used for posts D d and E e. 
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Stringers. 

The stringers will be exactly the same as those of the 150-ft. 
span. The calculations for them will not be repeated. 

Intermediate Floorbeams. 

Effective length = 18 ft.; stringer-concentrations 8 ft. apart 
and 5 ft. from center of trusses; depth of web-plate = 4 ft. G ins. ; 
effective depth of floorbeam 4.25 ft.; assumed weight of floor- 
beam = 3,000 lbs. 

The dead-load concentrations from stringers = 450 lbs. X 
25ft.= 11, 250 lbs. The live- load concentrations from stringers 
= 86,000 lbs. 

end shear: 

Dead-load = (3.000 X J) + 11,250 = 12,750 
Live-load = 86,000 

^"^^^'^ = 86,000+ 12,750 ^ _1^:^ 

173.()50 lbs. 

Area required in web-pla te = 173. 650 -e-1 0,000= 17. r.6 sq. ins. 
A 54x2-in. web-plate = 20.25 sq. ins., will be used. 

moment: 

o AAA y 1 5i 

Dead-load =^^^^^-^ + (11,250X5)- 63,000 

Live-load = 86,000 X 5 = 430.000 

- ^ 430.000^ 0-. nnn 

Impact =43o:ooo--f63m) ^^l'^:^''l 

867,000 ft.-lbs. 

Flange-stress = 867,000 -f- 4.25 ft. = 204.000 lbs. 
Flange-area required = 204,000 -f- 16,000= 12.75 sq.ins. 

Area provided: J of 54x3-in. web-plate = 2.53 

2 angles. 6x6x-ftin. =10.61 Sn%\th*aiite. )" ^''"• 



13.14 sq. ins., net. 

End Floorbeams. 

The effective length, location of stringer-concentrations, depth 
of web-plate, and assumed weight of end floorbeams are the same 
as for intermediate floorbeams. As a single line of rivets will be 
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found sufficient to transmit the longitudinal shearing stresses 
from the web-plate to the flanges, 6x3^in. angles will be used 
for the latter, with the 3i-in. legs vertical; and the effective 
depth will be 4.33 ft. The dead-load concentrations from 
stringers = 450 lbs. X 12.5 ft. = 5,600 lbs. The live-load con- 
centrations from stringers =64,900 lbs. 

END shear: 

Dead-load «(3,000Xi) +5,600 « 7,100 
Live-load « 64,900 

^"^P^^* ° 64,^y?!l00 -^8j^ 

130.500 lbs. 

Area required in web-plate = 130,500-4- 10,000= 13.05 sq. ins. 
A 54xf-in. web-plate = 20.25 sq. ins., will be used. 

moment: 

Dead-load = ^'^^^^ -K5,600X5) - 34,750 

o 

Live-load = 64,900x5 -324,500 

. ^ 324,500» ooQ nnn 

^^P^"^ ° 324,500 -H 34,750 °^^'^ 

652,250 ft.-lbs. 
Flange-stress = 652,250 -^ 4.33 = 150,500 lbs. 
Flange-area required = 150,500-^16,000 = 9.4 sq. ins. 

Area provided: i of 54x|-in. web-plate = 2.53 

2 angles, 6x3ix3V-in. =7.06 g^'^,^"^^ 

9.59 sq. ins., net. 

Estimated Weight. 

Two Trusses. 

10 
aB -> 48.38 sq. ins.x39.0 ft.x — x4- 25,200 

3 

BC -43.63 " x25.5 " x— x4- 14.800 

3 

CD -48.38 " X25.3 -x~x4- 16,300 

Forward 56,300 
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Brought forward 56,300 

•. ^ 10 

DE -51.00 sq.ins.x25. ft.x — x4- 17,000 

3 

10 
a be -35.16 " x25. " x— x8- 23.400 

cd -45.36 - x25. - xyx4- 15.100 

d€ -53.72 - x25. " 31^x4- 17.900 

10 
Bb -17.60 • x30. -X— x4- 7,000 

10 
Cc -22.64 - x35. " x— x4- 10.600 

Dd -22.64 - x38. " x— x4- 11.500 

Ee -22.64 " x39. "x— -x2- 5,900 

10 
Struts - 6.84 " xl9.5*'x— x4- 1,800 

«s 

Be -29.44 " x39. " x— x4- 15.300 

Cd -21.32 " x43. - x^x4- 12,200 

10 
Dt -19.12 "x 45.5 "x— x4- 11.600 

«j 

10 
Ef -10.06 " X46.2 "x— -x4- 6,500 

•J 

Fg » 4.96 " X45.5 " x--x4- 3,000 
* 3 



215.100 
Details, (30%) - 64,500 



279.600 lbs. 
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The weights of floorbeams, stringers, portal struts, and 
stnnger laterals will be practically the same as those of the 
150-ft. span. 

Top Laterals. 



24 angles 


3x3 xA-in.@ 6.10 lbs. 


27 ft. long 


-s 


3.960 


Gussets, 48 plates 


12xA -e 1.2 75 - 


1 M M 


» 


610 


Tie-plates, 12 plates 


12xA -^12.75 - 


1.7 - - 


- 


780 


Splices. 12 plates 


12xft -@ 12.75 - 


1 - " 


— 


150 


Lauictng. 300 flats 


2Jx^ -g 2.65 - 


AM M 


^ 


1.590 
7.090 


Rivet-heads, (3%) 






■■ 


210 
7.300 


Intermediate Struts and Sway-Br\cing. 






Top struts. 20 angles 


3ix3 xft-in.@ 6.60 lbs. 


16 ft. long 


. 


2,140 


Lower struts, 10 angles 


31x3 xA - @ 6.60 - 


16 " * 


— 


1.060 


Diagonals, 10 angles 


3x3 xA "@ 6.10 "abt.20 - " 


-e 


1,220 


Verticals. 5 angles 


3x3 xft - @ 6.10 - 


5 - - 


•> 


150 


Gussets. 10 plates 


18x 1 - @22.96 " 


2 " " 


» 


460 


LaUicing, 60 flats 


-MxA •• @ 2.65 - 


2 - - 


■■ 


320 
5.350 


Rivet-heads. (3^^) 


Bottom Laterals. 






150 
5.500 


15/ diagonals 4 angles 


8x41xA-in.@22.80 lbs. 


27 ft. long 


mm 


2.470 


2d diagonals 4 angles 


6x3JxA -©15.30 • 


27 - - 


» 


1.650 


Zd diagonals 4 angles 


6x3Jx f -@11.70 • 


27 " - 


» 


1.260 


4/^ diagonals 4 angles 


3}x3ix i " @ 8.50 " 


27 - " 


™ 


920 
6.300 


Details. (3317o) 


Summary. 






2.100 
8.400 


2 Trusses 




- 279.60# 






2 End Flcx)rbeams (9^3.200 


- 6.400 






7 Intermediate Floorbeams (g'3,590 


- 25,130 






16 Stringers 


@ 4,270 


« 68.320 






8 Panels St ringer- Bracing @ 290 


- 2.320 






Bottom Laterals 


« 8.400 






Top Laterals 


« 7.300 






2 Portal Struts @ 1.510 


- 3.020 






5 Intermediate Struts 


- 5.500 






Pier- Mem b 


ers 


- 20.000 


» 




Total. 


425.990 It 





DESIGN OF A 200-FT. THROUGH PRATT TRUSS. HI 

The weight of steel, exclusive of pier-members, = 405,990 
lbs. Then 405,990-^200 = 2,030 lbs. per lin. ft., which is 70 
lbs. less than weight of steel assumed for computation of stresses. 

Details. 

The details generally will be similar to those of the 150-ft. 
span. It is only necessary to add that the top-chord mem- 
bers at C, D, E, F and G will be faced to give perfect bearings; 
but, in addition, sufficient rivets should be provided in the splice- 
plates at these points for about one-half the stresses. 



CHAPTER VI. 

THE DESIGN OF A 170-FT. SWING-BRIDGE. 

Length, 170 ft. c. to c. of end-bearings = S panels of 20 ft. and 

one panel of 10 ft. 
Depth, 28 ft. c. to c. of chords. 
Length of diagonals = \/20' -h 28^ = 34.41 ft. 
Width, 16 ft. clear and 17 ft. 6 ins. c. to c. of trusses. 
Dead-load: floor, 600 

steel. 1.300 



total, 1,900 lbs. per lin. ft. 
Live-load as per specification. 

For the trusses and loading girders of swing-spans, it is 
usually customary to reduce the wheel-loads to equivalent uni- 
form loads per lin. ft., because of the great amount of labor 
in figuring the stresses for wheel -concentrations. A suffi- 
ciently satisfactory method of doing this is to divide the max- 
imum load on a given length by this length. On one arm of 
the bridge under consideration it is possible to place the whole 
of the forward engine and five wheels of the second engine, 
making a total weight of 518,000 lbs. Then 518,000 4- 80 =» 6,475 
lbs. per lin. ft. when one arm only is loaded. On the whole 
bridge both engines may be placed, and, in addition, 61 ft. of 
the specified uniform load, making a total load of 896,500 lbs. 
Then 896,500-^170 = 5,273 lbs. per lin. ft. when the bridge 
is loaded over all. The assumed live-loads are as follows: 

When one arm only is loaded, 6,500 lbs. per lin. ft. 

When bridge is loaded over all, 5,300 lbs. per lin. ft. 

Panel dead-load for one truss = -^~ X20 ft.= 19.000 lbs. 

The dead-load concentrations at end panel-points will be 
assumed equal to three-fourths of the intermediate panel dead* 
loads = 14,250 lbs. 

112 
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Panel live-load for one truss (one arm loaded) = — ^— X 20 

= 65.000 lbs. 
Panel live-load for one truss (bridge loaded over all) 

^5^ X20= 53.000 lbs. 

There are three cases to be considered for stresses, as follows: 

Case I, dead-load, bridge swinging; or closed, with ends barely 
touching supports. 

Case II, dead-load, bridge closed, ends lifted so that bottom 
chord at all points of support will lie in the same horizontal 
plane. 

Case III, live-load, bridge closed, ends lifted as before. 

Case I will first be considered. 

Shear in panel a 6 is equal to load at a. 

Shear in panel 6 c is equal to loads at a and h. 

Shear in panel c d is equal to loads at a, 6 and c. 

Shear in panel de \% equal to loads at a, 6, c and d. 

Stress in a 6 c is equal to moment of load a about panel-point 
5, divided by depth of truss. 

Stress in B C D \% equal to moments of loads a and h about 
panel-point c, divided by depth of truss. 

Stress in cde is equal to moments of loads a, h and c about 
panel-point D, divided by depth of truss. 

Stress in D EF G and ^ / is equal to moments of loads a, 6, c 
and 4 about panel-point e, divided by depth of truss. 

Stresses — Case I 
\d « - 19.000 

V - 

34.41 
aB - 14.250 X -—-' - - 17„500 

34.41 
Be - (14.250 +19,000>X—— - + 40.800 

* 28 

[1 34.41 
14.250 + (19,000X2) J X-—- = - 64.200 

r T 34 41 

D0 -I 14.260+ (19.000X3) J X-~- - + 87.500 

abc - 14,250X20X— - + 10.300 




-; 
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BCD = r(14,250X40)-l-(19.000X20) Ix-:^ --84.000 

cde " r(14.2:)0X00> + (10.000X40) + (19.000X20) I X — 

-+ 71.500 

D E FC;= 1(14,2.50 X 80) + (lO.OOOX 00) + (19.000X 40) 

+ (19.000X 20) X — - - 122.000 

_J 28 

ef^DEFG -+122,000 

Before proceeding with Cases II and III, it will be necessary 
to obtain coefTicients for the end-reactions. The truss is as- 
sumed to be only partially continuous, or incapable of trans- 
ferring shear across the center panel. The light diagonals used 
in this panel are required only to prevent the bridge from 
tipping when oj)en, which otherwise might happen if there 
should be an unbalanced load on one end. 

The following formulas* are used to obtain the reactions for 
partially continuous t — sses of two equal end spans and a 
short center span. 

in which / = length of either end span. 

n = length of center span in terms of /. 

k = distance of load P from outer end of span in which 

it is situated, in terms of /. 
P = a concentrated load. 



* Sec Merriman and Jacoby's *' Higher Structures" (Part IVof " Roofs 
and Bridges "). 



i 



Ti:--: 



a • • • 












f 
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k — ' r— f 1 

Fig .18. 
Then, referring to Figs. 17 and 18, 

/ = soft.; nl = 10ft. •. « = i = 0.125. 
k = \ = 0.25; k^ = 0.016, for load at panel-point 6. 
^ = i = 0.5; k^ =^ 0.125, for load at panel-point c. 
^ = J =s 0.75; t^ = 0.422, for load at panel-point d. 

Only the reactions /?, and R^ will be required, which will be 
computed for a load of 1 lb. at panel-points 6, c and d. 

Forloadatfc./?, = (l -0.25) - [4:^6Y(rf25J ^^^•2^" ^'^^^^ ] 

= -f 0.701 

For load ate,/?, = (1 -0-5) -f ^^^^^^^^,^ -^ (0.5 - 0.125)] 

= +0.421 

^- -4q^-(6ki25y^'^-^-"'2-^^ =-^^"» 

For load at d,R,= {\- 0.75) - [4^(6^12^ ^^- '^ ~ ^'^^^^ ] 

= +0.181 

^^= - 4-T(6x-(n25-, (•'•■^ - ''■'"' = - «^^ 

By combining the above results, the coeuTicients for end- 
reactions with various dispositions of load are as follows: 
For load at b only, . 7?^ = +0.701. 
For loads at h and r. /?, = -^0.7014 421 = 4-1.122. 
For loads at 6, r, and d, R^= +0.701-0.421 + O.lSl 

= 4 1.303. 
For loads ate and d, /?, = +0.421 -0.1 SI = +0.602. 
For loads at all points, R, = +0.701 -K).421 + 0.181 - 0.049 

-0.079-0.069= +1.106. 
The actual reactions at. a are obtained by multiplying the 
panel dead- and live-loads by the above coeiTcients. 
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Reactions for Cases II and III. 

Case II, Loads Hi b, c, d, g, h, Set, Kj - 19,000 X 1106 - 21,000 

Case III; Load at 6 only. R^ - 65,000X0.701 - 45.600 

Loads at 6 & c. R^ ^ 65,000 X 1 122 « 72,900 

Loads at 6, f & J. R^ - 65.000 X 1 303 - g4,700 

Loadsatc&(f. Kj « 65.000X0.602 = 39.100 

Loads at 6, c, d, g, h & t. R^ = 53,000X 1 . 106 - 58.600 

Shear in panel a 6 is equal to reaction a. 

Shear in panel 6 c is equal to reaction a, less the load at b. 

Shear in panel r d is equal to reaction a, less the loads at 6 
and c. 

Shear in panel cf ^ is equal to reaction a, less the loads at 6, 
c and d. 

Stress in a 6 c is equal to the moment of reaction a about 
panel-point J5, divided by depth of truss. 

Stress in B C D is equal to the moment of reaction a about 
panel-point c, less the moment of load at b about panel-point r, 
divided by depth of truss. 

Stress in c d e is equal to the moment of reaction a about panel- 
point Z>, less the moments of loads at b and c about panel-point Z>, 
divided by depth f truss. 

Stress in D E F G and ^ / is equal to moment of reaction a 
about panel-point e, less the moments of loads at 6, c, and d 
about panel-point e, divided by depth of truss. 

^ Stresses — Case II. 

Bdaind Dd - -19.000 

C c and E c —0 

.34.41 
aB - 21.000X-r— - 4-25.800 

34.41 
Be « (21.000- 19,000) X-—— - - 2.500 

r , 134 41 

cD = 21,000- (19,000X2) X J -^ --20,800 

[T 34 41 
21,000-(19,000X3)J X^-^ - -1-44,300 

abc =21,000X20X— --15.000 

BCD - r(21.000X40)- (19,000X20) J X— - +16.400 
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cde =r(21,000X60) -(19,000X40) - (19,000 X 20) J X — 

= - 4,200 

DEFG - [(21,000X80)- (19,000X60)- (19,000X40) 

(19.000X20)1 X^ - -21,400 

€J - r(21,000X80)- (19,000X60)- (19.000X40) 

- (19.00X20)1 X ^ - +21,400 

« 

When the moment at any point is positive, the stress in top 
chord opposite vhis point is compression and in the bottom chord 
tension; and when the moment at any point is negative, the 
stress in top chord opposite this point is tension and in the 
bottom chord compression. 

Position of Live-Load for Maximum Stresses. 

A load at h only will give the maximum compression in B c. 

Loads at h and c will give the maximum tension in c D. 

Loads at 6. rand d will give the maximum compression in top 
chord BCD and the maximum tension in bottom chord ah c d e\ 
also the maximum compressitm in a B and D e* • '• 

Loads at c and d will give the maximum tension m B c. " 

Loads at ft. c, d, g, h and /* \vi\] give the maximum tension in top 
chord DEFG, and the maximum compression in bottom chord 

ef. 

Loads at a, e, / and / will not affect the stresses in truss. 

The reactions for the various dispositions of live-load have 
already been determined. 

Stresses — Case III. 

84 41 
aB « 84.700 X'--- = + 104.200(Loadsat6.c,&dO 

34 41 
Be - (46,600—65,000) X --— - + 23,800 (Load at b only) 

34.41 
Be -39,000X-,„- -- 48.100 (Loads ate &(/) 

28 
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cD - 172,900 - (65.000 X 2) 1 X ^^^ - - 70.200 (Loads at 6 & c> 

De =1 84,700- (65.000X3) I X--^« 4- 135,700(Loadsat6.c&(f) 



[n 34 41 
84,700 - (65.000 X 3) J X - — 



ahc = 84,700 X 20 X— «- 60,500 (Loads at 6, c&(i) 

BCD - r(84J00X 40) -(65,000X20)1 X;^. 

- + 74.600 (Loads at 6, c & i) 
cde =1 (84.700 X 60) - (65,000 X 40) 

-(65,000X20) I X -^i: - - 42,200 (Loads at 6, c& J) 

DEFG -- 1(58,600 X 80) - (53,000 X 60) 

- (53.000 X 40) - (53,000 X 20) 1 X -^ 

= -59,900 (Loads at 6. c.(f. 

g. h, & i) 

gf - I (58,600 X 80) - (53,000 X 60) 

-(53.000X40) -(53.000X20)1 X -^ 

= -f 59.900 (Loads at 6. c, d, 

g. A, Sen) 

The live-load stress in the vertical hangers B h and D d = 
- 74,700. It is obtained from the actual wheel-loads, placing 
wheel No. 4 at fc or d. The stresses are summarized on the 
stress-diagram. Fig. 17. Case III is combined either ^\'ith Case I 
or Case II ; for, if the ends of the bridge are barely touching the 
supports. Case I ^\^ll represent the dead-load stresses; but if 
the ends are lifted sufficiently, Case II wifrrepresent the dead- 
load stresses. The correct dead-load stresses will always be 
somewhere between these two extremes. 

For a truss with sloping chords the reactions are usually 
computed in the same manner as given in the present example, 
and the stresses obtained graphically. Separate stress-diagrams 
are constructed for Cases I and II, and one for each position of 
live-load, Case III. 
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Impact. 

As stated in the specification, when the live-load and dead- 
load stresses are of the same kind, the impact shall be computed 
by squaring the live-load stress and dividing by the live-load 
plus the dead-load stress; but, when a member is subject to 
alternate live-load stresses, the impact shall be computed by 
squaring the total range of live-load stress and dividing by the 
maximum stress which can occur at one time. 

For member aB, the dead-load stress, Case II, = -1-25,800, 

104,200- 
and the live-load stress = + 104,200. Impact = ^^, ,,^^ * ^^^ ^^^ 

104,200 + 2o, 800 

= -1-83.000. 

For member BCD, the dead-load stress. Case II = -f 16,400, 

74 600^ 
and the live-load stress = +74,600. Impact = -. ' . .^ ,,.,. 

74,600+16,400 

= +61,000. 
For member D E FG, the dead-load stress, Case I =- 122,400, 

and the live-load stress = -59,000. Impact = ,^Z.^... .^^ 

^ 59,900 + 122,400 

= -19,800. 
For member ab c, the dead-load stress. Case II = - 15,000, and 

the live-load stress = - 60,500. Impact = ^-^^^^ 

60,500+15,000 

«= -48,500. 

For member cde, the dead-load stress. Case I = +71,500, 
and the live-load stress = -42,200. Here the total range of 
live-load stress = 42,200, and the maximum stress which can 
occur at any time = 71,500. Thus the impact to be added to 

42 200' 

Case I = If^ = + 25.000. 
/ 1,500 

For the same member, the dead-load stress. Case II = - 4,200, 
and the live-load stress, as before == —42,200. Then the impact 

to be added to Case II and the live-load = ^^'^^ 

42,200 + 4,200 

- - 38,500. 
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For member B c, the dead-load stress. Case I =» + 40,800. and 

the live-load stresses = -1-23,800 and -48,100. Then the total 

range of live-load stresses - 23.800-1-48,100 = 71.900. and the 

maximum stress which can occur at any time »« 40,800 + 23.800 

— 64,600. Impact to be used \Wth Case I and the live-load 

compression = fiTfiiK) "^ "^ 80,000. •^ 

For the same member, the dead-load stress, Case II = — 2,500 
and the live-load stresses, as before = -1-23,800 and —48,100. 
The total range of live-load stresses = 71,900, and the maximum 
stress = 2,500 + 48,100 = 50.600. Impact to be used mth Case 

71 900' 
II and the live load tension = ,./' , = —102,000. 

aO.OOO 

For member c" U, the dead-load stress. Case I = — 64,300. 

70 200^ 

and the live-load stress = - 70.2(K). Impact = 70 OQO h- 64 5dO 

= -36.700. 

For member D e, the dead-load stress. Case I = +87,000, and 

135 700* 
the live-load stress = +135.700. Impact = -pjF^ ' 



135,700 + 87,000 
>= +82,500. 
For members Bh and D d, the dead-load stress =—19,000, 

74 700* 

and the live-load stress = -74,700. Impact = 74 700+ 19 000 

= -59,700. 

The impacts are combineil \\ith the other stresses in Fig. » 17, 
and the sections required and proWded are shown. 

The 18 X ft-in. cover-plates on end-posts, and the 11 x ft-in. 
web-plates in the vertical members are not counted on as effec- 
tive section, but as tie-plates only. 

Stringers for 20-ft. Panels. 

Dead-load = ^+ 150 = 450 lbs. per lin. ft. 

The live-load consists of four driving-wheel loads of 23,000 
lbs. each, spaced 5- ft. centers. 
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The maximum live-load shear is obtained by placing the 
first driving wheel at one end of stringer; then taking moments 
of the ^our loads about the opposite end, and dividing by the 
span. The maximum live-load moment will be computed by the 

formula M ^ P (/— 2a+ —]\* ^^ which P « one load, / «= length 

of span, a » distance between loads. 

shear: 

Dead-load - 450 X 10 - 4,500 

Live-load » 23,000 X^ = 57,500 
'°^P^* - 57,500^4,5 00- '^^''^^ 



115,800 lbs. 



Area required in web-plate = 1 15,300 -^ 10,000 = 11.53 sq. 
ins. 

A 36 X |-in. web-plate, = 13.5 sq. ins., will be used. 

moment: 

Dead-load ^450x20^ ^ ^^ ^ 

o 

Live-load =23,000 ^20-10 + ^) = 237,200 

237,200' ^,^ar^ 

^°^P^' "'. 237,200 + 22,500 ^^^^ 

476 300 ft.-lbs. 



Effective depth of stringer = 2.75 ft. 

Flange-stress = 476.300^2.75 = 173.200 lbs. 

Flange-area required = 173.200^16,000 = 10.82 sq. ins. 

Then, J of 36 x j-in. web-plate = 1 . 69 

2 angles 6 X 6 X ^-in. «= 9.24 (one hole, 1 in. in 

diam.. in each angle) 

10.93 sq. ins., net. 

Stringers for 10-ft. Panel. 

Dead-load = 450 lbs. per lin. ft. Live-load: two driving- 
wheels weighing 30.000 lbs. each, spaced 7-ft. centers. The 



J" 
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maximum live-load moment will occur with a wheel at the 
center of span. 

SHEAR : 

Dead-load = .450x5 = 2,250 

Live-load = 30,000 X j^ = 39,000 

^-P-* = 39.000 VT25O = ''"^ 



78,150 lbs. 
A 36 X |-in. web- plate tviU be used, as before. 
moment: 

n ^ 1 ^ 450 X W ^ ._ 

Dead-load = = 0,600 

-. , . 30.000X10 „.-„ 
Live-loaa = = «o,000 



^"'P^^^ =7»T?^ = ^-'-^o 



150,400 ft.-lbs. 
Effective depth of stringer = 2.85 ft. 
Flange-stress = 150,400 --2.85 = 52,800 lbs. 
Flange-area required = 52,800^16,000 = 3.30 sq. ins. 
Equivalent area provided : J of 36 x j-in. web-plate = 1 . 69 

2 angles SJ x 3} x |-in. =4.21 

(one hole 1 in. in diam., in each angle) 

sq.ins.net. 5.90 

Intermediate Floorbeams. 

Effective length of floorbeam = 17.5 ft. 

The stringer-concentrations are 8 ft. apart and 4.75 ft. from 
center of trusses. 

The weight of floorbeam is assumed to be 3,000 lbs., which is a 
distributed load. 

Dead-load concentrations from stringers = 450X20 — 9,000 
lbs. 
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Live-load concentrations from stringers, as found previously 
for truss members B b and D d,^ 74,700 lbs. 

END shear: 

Q 000 

Dead-load =,2!^ + 9,000 = 10,500 

Live-load = 74,700 

74 700' 
^^P^^^ = 74,700V 10,500 = J^ • 

150,700 lbs. 



Area required in web-plate = 150,700 4-10,000 = 15.07 sq. 
ins. 

A 42 X |-in. web-plate = 15.75 sq. ins., will be used. 

moment: 

Q 000 V 1 7 *> 

Dead-load = ' ^ -h (9,000 X 4 . 75) = 49,300 

Live-load = 74.700 X 4 . 75 = 354,800 ; 

T ^ 354,800* ononn ' 

^^P^^' 354,8004-49,300 ^ ^^^^^ • 

715,900 ft.-lbs. 

Effective depth of floorbeam = 3.25 ft. 
Flange-stress = 715,900^3.25 = 220,300 lbs. 
Flange-area required = 220,300 -f- 16.000 = 13.77 sq. ins. 
Section used: J of 42 x |-in. web-plate = 1 .97 

2 angles 6 x 6 x j-in. = 1 1 . 72 (2 holes, 1 in. 

in diam., in each angle). 

13.69 sq. ins., net 

End Floorbeams. 

The effective length, position of stringer-concentrations and 
weight of floorbeam, as before. 

The dead-load concentrations from stringers = 450 X 10 = 
4,500 lbs. / 

The live-load concentrations are equal to the maximum end 
shear for stringers = 57,500 lbs. 



•■ t. ? 



124 RAILWAY BRIDGES. 

SND shear: 

Dead-load = M2? ^ 4,500 = 6,000 

Live-load = 57,500 

57 500* 
'^P^* = 57,500^6,000 -J^ 

115,500 lbs. 
A 42 X f-in. web-plate will be used as before. 
moment: 

Dead-load - 3,000X17.5 ^ ^^ ^ x 4 . 75) = 27,900 

Live-load = 57,500 X 4 . 75 = 273, 100 

Impact 27340^ 247 800 

^ 273,100-1-27,900 ^^^*^^ 

548.800 ft. -lbs. 

Effective depth of floorbeam = 3.25 ft. 
Flange-stress =- 548,800-5-3.25 = 168,900 lbs. 
Flange-area required =168,900-^16,000 =10.55 sq. ins. 
Section used : | of 42 x |-in. web-plate = 1 . 97 

2 angles 6 x 6 x J-in. = 9 . 50 (2 holes, 1 in. 

in diam., in each angle). 

11.47 sq ins., net. 

Loading Girders. 

The trusses rest on the extremities of loading girders ^4, 
which latter are supported on the center of loading girders B. 
Loading girders B are framed into the radial girders C. which in 
turn distribute the loads between the circular girder and the 
center pivot, as shown in Fig. 17. 

Loading Girders A. 

Points of support, 10 ft. c. to c. 
Stringer-concentrations, 8 ft. c. to c. 
Truss-concentrations, 17.5 ft. c. to c. 
Assumed weight of girder, 300 lbs. per lin. ft. 
Live-load, 6,500 lbs. per lin. ft. of bridge. 
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*H\ -4- in 
Stringer-concentrations: Dead-load = 450 X — ^ — -« 6,760 lbs. 

,. , , 6,500^20 + 10 -oTnniu- 

Live-load = -^r — X ^i — = 48,700 Ibs. 



The dead-load at panel-points a and e of truss « 14,250 lbs. 

The dead-load at panel-points 6, c and d of truss « 19,000 lbs. 

The dead-load concentrations at ends of girder are equal to 
the loads at a, 6, c, d, and e, less the stringer-concentration oo 
girder. - (14,250 X 2) + ( 19,000 X3)-6,750 « 78,750 lbs. 

The live-load concentrations at ends of girder are equal to 
the loads at 6, c and d, less the reaction at a due to these loads. 
= (65,000 X3)-84,700 » 110,300 lbs. 

The maximum shear in loading girder .4 is just outside the 
points of support. The dead-load shear is equal to the concen- 
tration at end, plus the weight of girder between point of sup- 
port and end. 

The live-load shear is equal to the concentration at end. 

shear: 

Dead-load - 78,750 -h (300X4. 5) » 80,100 

Live-load = 110,300 

110 30(P 

254.300 lbs. 

Area required in web-plate =254,300^10,000 =25.43 sq. 
ins. 
A 42x f-in. web-plate = 26.25 sq. ins., will be used. 
The maximum moment is at points of support. 

moment: 

Dead-load « (78,750 X 3 . 75) -h ^^^^^' ) = 298,300 

Live-load = 110,300X3.75 = 413,600 

413 600^ 



952,200 ft.-lU. 



r26 
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The efTective depth, or distance c. to c. of gra\ity of flanges — 
3.37 ft. 

Flange-stress =952,200^-3.37 =282,500 lbs. 

Flange-area required = 282,500^16,000 = 17.65 sq. ins. 

Section provided: 
J of 42 X |-in. web-plate = 3 . 28 
2 angles 6 x 6 x }-in. = 9.50 (2 holes 1 in. in diam. in each 

angle) . 
i plate 13 X }-in. = 5.50 (2 holes 1 in. in diam.) 



18.28 sq. ins., net. 



Loading Girders B. 
Span of girder = 5.86 ft. ; loaded at center. 



dead-load: 



Loading girder A = 300 lbs. X9.50 ft, 

Stringer-concentration 

Truss-concentration 



live-load: 



Stringer-concentration 
Tniss-concentration 



shear: 
Dead-load 



. t 



= 2,850 
= 6,750 
= 78,750 

88.350 lbs, 



« 48.700 
= 110,300 



88,350 
2 



159,000 lbs. 



= 44,200 



Live-load 



159,000 



= 79,500 



Impact 



79.500^ 



'9,500 + 44,200 



= 51,100 
174,800 lbs. 



Area required in web-plate = 174,800^10,000 = 17.48sq.ins. 
A 27 X J-in: web-plate (= 20.25 sq. ins.,) will be used. 
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MOMENT : 



Dead-load = 88,350X5.86 ^ ^^9,400 



Live-load ^159,000x5.86^ 233.000 



J ^ ^ 23 3.000^ i^Qonn 

^"^P^"* = 233;00-0-+I29:400 =_^^^ 

512,200 ft.-lbs. 

EflFective depth of girder = 2 ft. 

Flange-stress = 512,200-5-2 = 256,100 lbs. 

Flange-area required = 256,100^16,000 = 16 sq. ins. 

Section provided : 
i of 27 X i-in. web-plate = 2 . 53 
2 angles 6 x 6 x }-in. = 13.88 (2 holes, 1 in. in diam., in each 

angle). 

16.41 sq. ins., net. 

Loading Girders C. 

The span =9 ft. Load is applied 1.35 ft. from circular girder, 
and 7.65 ft. from center pivot. 

The total load, including impact, is equal to the end shear or 
reaction of girder B, = 174,800 lbs. 

Shear between point of loading and circular girder = 174,800 X 

^ = 148.600 lbs. 

Area required in web-plate = 148,600-^10,000 = 14.86 sq. ins. 

A 27 X |-in. web-plate, = 16.87 sq. ins., will be used. 

Moment at point of loading = 148,600 X 1.35 = 200,600 ft.-lbs. 

Effective depth of girder = 1.95 ft. 

Flange-stress = 200,600-^1.95 = 102,900 lbs. 

Flange-area required = 102,900^16,000 = 6.43 sq. ins. 

Section provided: 
J of 27 X |-in. web plate =2.11 
2 angles 6 x 3i x |-in. =3.54 (2 holes, 1 in. in diam., in each 

angle) 

5.65 sq. ins., net 
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The 6-in. legs of flange-angles will be vertical, so that the rc- 
qiiired number of rivets between point of loading and circular 
girder may be provided. 

Circular Girder. 

The diameter of circular girder = 18 ft., and the circumfer- 
ence s= IStt = 66.6 ft. The distance between concentrations 

from radial girders C = ' = 7.07 ft. The circular girder may 

be considered as though it were continuous over supports 7.07 ft. 
apart, and loaded imiformly between supports with a load equal 
to the reaction of one radial girder. The points of maximiun 
moment will be at the radial-girder concentrations, and the 
moment at these points will be assiuned to be equal to three- 
fourths of the bending moment for a simple span of 7.07 ft. 
The maximum shear wU be equal to one-half of the radial- 
girder concentration. 

^, 148 600 - . «^ ,, 
Shear = =74,300 lbs. 

Area required in web-plate = 74,300 -^ 10.000 = 7.43 sq. ins. 
A 27 X |-in. web-plate, = 10.12 sq. ins., will be used. 

.. ^ 148.600X7.07 ^ 3 nc raa ^* ik 

Moment = ^ X -r = 98,500 ft.-lbs. 

8 4 

The effective depth of girder = 1.95 ft. 

Flange-stress = 98,500-^1.95 == 50,500 lbs. 

Flange-area required = 50,500-^16,000 = 3.15 sq. ins. 

It will be necessary to make the flanges considerably heavier 
than the above, as double rows of rivets will be required in the 
vertical legs of flange-angles, and some allowance should be 
made for horizontal bending moments due to curvature of girder. 
Two 6 X 3i X |-in. angles will be used for the top flange, and two 
6 X 3^ X 5-in. angles for the bottom flange. The 6-in. legs will 
in both cases be vertical. The bottom angles are made extra 
heavy to provide a more efficient support for the upper tread, 
and to allow for planing on the bottom to insure a perfect bear- 
ing on this tread. 

In computing the rivet-spacing in the bottom flange-angles, 
the reactions of the rollers must be combined with the longi- 
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tudinal shear. The case is similar to that of a deck plate-girder, 
but turned upside down. The required pitch for f-in. rivets 
will be computed as follows: 
Total vertical shear = 74,300 lbs. 

Vertical load on rivets per lin. in. = ^ ' — r^r- = 1,750 lbs. 

7.07X12 

Vertical distance c. to c. of gravity of flanges = 23.4 ins. 
Value of one |-in. rivet bearing on |-in. plate = 7,220 lbs. 
Longitudinal shear per lin. in. at center of gravity of flanges — 

74,300 



23.4 



= 3,175 lbs. 



Assuming for equivalent flange-area 
J of 27 X |-in. web-plate = 1 . 25 
2 angles 6 x 3J x |-in. = 5.34 (2 holes, 1 in. in diam., in each 

angle) . 

6.59 sq. ins., net., 

5 34 

then, longitudinal shear per lin. in. on rivets = 3,175 X -^-^q =" 

2.570 lbs. 
Total stress on rivets of bottom flange per lin. in. = 

V2,570»-hl,750» = 3,110 lbs. 

Required spacing of rivets = 7,220^3,110 = 2.32 ins. 

For uniformity, the rivet pitch in both top and bottom flanges 
should be about 2\ ins., staggered, throughout 

Rollers and Center Pivot. 

When the bridge is being swung, only the dead-load requires 
to be considered, which is as follows : 

Dead-load above turntable = (14,250X8) -f 

(19,000X12) =342,000 
Weight of loading girders — assumed = 40,000 

Total dead-load on center pier = 382,000 lbs. 

7 f{^ 

The dead-load on rollers = 382.000 X -^ = 324.700 lbs. 



1 35 
The dead-load on center pivot = 382,000 X -^ = 57,300 lbs. 
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Assuming rollers 10 ins. in diameter, the permissible load pef 
lin. in. = 1.200 v/io = 3.790 lbs.; and the total bearing-length 
of rollers required = 324.700 -^ 3,790 « 86 ins. There will be 
24 rollers used, of 10-in. diameter and 5-in. face, giving a total 
bearing of 24 X 5 = 120 lin. ins. 

The upper treads will be of rolled steel, 6 J ins. wide and If ins. 
thick on center line. The lower treads will be of cast iron, 4J ins. 
high on center line. 

The load per square inch on center pivot, when bridge is swing- 
ing, should not exceed 2,000 lbs. Then, bearing area required = 
57.300 ^ 2,000 = 29 sq. ins. The diameter of the pivot to be 
used = 7 ins., and its area = 38 sq. ins. There will be three 
disks under pivot; the center one of phosphor-bronze. IJ ins. 
thick at center, convex both top and bottom, the upper and 
lower disks of cast steel, 1 in. thick at center and concave on 
one side to fit center disk. 

The base of the center casting should be designed for the dead- 
and live-loads with impact. The maximum live-load on center pier 
occurs w^hen the bridge is loaded over all, and is equal to the total 
live-load, including loads at panel-points e and /, less the end 
reactions for this condition of loading, as already .determined. 
The regular panel loads = 53,000 lbs. ; the loads at* panel-points 
^ and / = 53,000 X J = 39,750 lbs. ; and the end reactions = 
58,600 lbs. 

The total live-load on center pier = (53,000x12) H- (39.750 X 
4)-(58,600 X 4) = 560,600 lbs. ; and the live load on center pivot 

= 560,600 X ^-^^ = 84.100 lbs. 

Maximum load on center casting: 

Dead-load = 57,300 

Live-load = 84,100 

Impact = 50,300 



191,700 lbs. 

Taking the allowable bearing on masonry at 400 lbs. per sq. 
in., the required area of base = 191,700-7-400 = 479 sq. ins. 
The diameter of the base used = 26 ins., and its area « 630 sq. 
ins. 
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Bottom Laterals. 

The horizontal truss in the plane of the bottom chords should 
be treated as a partially continuous girder in the same manner 
as the vertical trusses, using the same coefficients for reactions. 
Length of panels, 20 ft.; depth, 17.5 ft.; length of diagonals — 

\/20'+ 17.52 =26.57 ft. 

Panel dead-load, 150 lbs. X 20 ft. =3,000 lbs.; panel live- 
load, 400 lbs. X 20 ft. = 8,000 lbs. 

The dead-load concentration at panel-point a = 1,500 lbs. 

Stresses — Case I. 
1st diagonal = 1,500 X^^ = -2,300 

2d « = (1,500-}- 3,000) X^^^^ = -6,800 

17. 

3d « = (1,500+ (3.000 X 2 j) X ^^ = -11,400 

4th « = (1,500+ (3,000X3)) X ^^ =-15,300 

For Case II the reaction R, =3,000x1.106 = 3,300 lbs.; and the 

26.57 
stress in 1st diagonal = 3,300 X-^y-n* = —4,800 lbs. The stresses 

in the other diagonals will be much smaller than those already 
found for Case I, so it will be unnecessary to figure them for this 
condition. 

Reactions for Case III. 

Loads at b, c, and d, giving maximum stress in 1st diagonal: 
/?, = 8,000X1.303 = 10,400 lbs. 

Load at b only, giving maximum stress in 2d diagonal : 
R, = 8,000 X 0.701 = 5,600 lbs. 

Load over all, giving maximum stresses in 3d and 4th diagonals : 
/?i = 8,000 X 1.106 = 8,800 lbs. 

Stresses — Case III. 
1st diagonal = 10.400 X ^.^^-^ = - 15,800 

2d " = (5,600-8,000) X ^^ = - 3,600 

1/ .o 
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3d diagonal = (s,8O0-{H.(mx2)\ X ^^ = - 10.900 

4th " - /8,800-(8.000X3)) X ^^ --23,100 

The maximum stresses are shown on stress diagram, Fig. 17. 
For the 1st diagonal Case II is combined with Case III ; but, for 
the other diagonals, Case I is combined with Case III. The im- 
pact formula is not applied to v^'ind stresses. 

The top-lateral stresses, which are very small, will not be in- 
vestigated. 

End-Lifts. 

A load on one arm only will tend to lift the outer end of the 
other arm; therefore it must either be latched down, or Hfted 
sufficiently, to prevent hammering. As it is difficult to hold 
down the ends of a swing-span effectually, the latter method 
will be employed. 

The reactions R^ for a load of 1 lb. at 6, c and d have already 
been computed. They are as follows: 

R^ for load at 6 = -0.049 

c =-0.079 

d =-0.069 



-0.197 



The panel-concentration when one arm only is leaded = 65,000 

lbs. 

Then the maximum negative reaction = 65,000 X (-0. 197) = - 
12.800 lbs. 

Therefore the ends must be lifted sufficiently to give a positive 
dead-load reaction, when there is no live-load on bridge, some- 
what greater than 12.800 lbs. This reaction will be assumed at 
15,000 lbs., to which 60% will be added for friction of screws 
and gears, making 24,000 lbs. 

A vertical screw will be used under each comer of the bridge, 
connected by bevel-gears ^ivith a horizontal cross-shaft under 
each end floorbeam. A longitudinal shaft near the center of 
bridge will be connected by miter-gears \\ith the end cross-shafts, 
and by bevel-gears \^ith a vertical shaft near the center to which 
latter the operating lever will be applied. The vertical screws 



DESIGN OF A ITO-FT, SWING-BRIDGE. 133 

Hall be 4 ins. in diam., with }-in. double threail, equal to J-iti. 
I pilch. The depth of thread will be about J-in.; therefore the 
Jdiameter of screw, on center line of thread, will be 3.75 ins., 
md the circumference (3.75x3.14) = 11.78 ins. Then the force 

• JU 

• 11.: 

The bevel-gears used on the vertical screws will be 19^ ins. in 

pitch diameter, mth 40 teeth of IJ-in. pitch and 3-in. face; 

_ and the force required at pitch-Une of these gears is equal to 

■Uiat required at the screws, multiplied by the radius of screws 

r: 

■ ■witl 



I S7 
dividetl by the radius of gears, = 1.020 X -j-^ -= -00 lbs. 



The bevel-gears used at the ends of the cross-shafts to connect 
■with the vertical screws will be S^ ins. in pitch-diameter, 
■with 18 teeth of li-in. pitch and 3-in. face. The miter-gears 
connecting the cross-shafts with the longitudinal shaft will be 
9J ins. in pitch-diameter, with 20 teeth of IJ in. pitch and 3-in. 
face. These miter-gears will not change the force, as they are 
all of the same diameter. At the connection of the longitudinal 
shaft with the vertical shaft near center of bridge, there will be 
a bevel-whee], 19^^ ins. in pitch-diameter with 40 teeth of IJ-in. 
pitch and 3-in. face, keyed to the longitudinal shaft ; and a bevel- 
pinion, Sft ins. in pitch-diameter, with IS teeth of IJ-ln, pitch 
and 3-in, face, keyed to the vertical shaft. The force required at 
the pitch-line of these gears is equal to the loads on the four gears 
at ends of cross-shafts, multiplied by their common radius and 
di\-ided by the radius of the 19 ^-in. bevel wheel on longitudinal 

|»haft, =200x4X-g^= :i60 1bs. The operating lever will 

^Jiave a working radius of 60 ins. and the force required at its 
rend is equal to the load at the pitch-line of the 8ft-in. pinion on 
I vertical shaft, multiplied by its radius and di\ided by radius 

{ of lever = 360 X -^ = 25 lbs. 

It has been found that the average bridge-tender will push 
[ about 50 lbs. on a turning lever while walking at the rate of from 
, 160 ft. to 200 ft. per min. Thus one man will easily operate the 
I cnd-Ufts. 



d 
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Since the pitch of thread on end-screws = §-in., one revolution 
will lift the ends J-in. ; and the corresponding nvimber of revolu- 

40 40 
tions of the operating lever will be lXrTrX7^ = 5. The man 

1^411 walk 10 ft. X 3. 14x5 = 157 ft. Thus it will require some- 
what less than one minute to raise the ends of bridge J-in. 

Shafting. 

A bridge-shaft is subject to both t\^•ist^ng and bending mo- 
ments. 

These may be reduced to an equivalent twisting moment, 
for which it can be proportioned. The foUo'v^ing formula, from 
UnT^'in, will be used in this investigation: 



in which M = bending moment in in.-lbs. 

T = testing moment in in.-lbs. 
Ti = equivalent t'wisting moment in in.-lbs. for com- 
bination of M and T. 

The section modulus for twisting of a solid round shaft = , 

16 

which is just t^^'ice that for bending. A fiber stress of 9,000 lbs. 
per sq. in. vdW be allowed for shearing ; then, ha\ing found the 
equivalent twisting moment, the size of shaft required may be 
taken from a table of bending moments on pins, figured for 
18,000 lbs. fiber-stress. 

At the connection of the longitudinal shaft wth the vertical 
shaft near center of bridge, the load at pitch-line of gears — 3C0 
lbs. ; the distance from pitch-line to center of bearing for longi- 
tudinal shaft will be about 5 ins. ; and the radius of gear = 9.5 ins. 
Then M =360X5 = 1.800 in.-lbs.. T = 360x9.5 = 3.400 in.- 
lbs., and Ti = 1 ,800 + V 1,800^ 4- 3,400^ = 5,650 in.-lbs. A shaft 
1 J ins. in diameter, the twsting value of which = 5,960 in.-lbs. 
would answer, but 2-in. shafting will be used both for the longi- 
tudinal and the end cross-shafts, as it is considered unadvisable 
to use anything smaller in bridgework. 

.,The vertical shaft will be 2i ins. in diameter, in order that it 
i)[>ay have a 2-in. square at the top for the connection of the 
operating lever. 
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Strength of Gear-Teeth. 

The following formulas, from Kent, have been found to give 
satisfactory results. 

For spur-gears, W = s pf y.\ (1) 



For bevel-gears. 



W ^spfy-^; 



(2) 



in which W =» load the tooth will transmit. 

s = safe working stress = 8,000 lbs. for iron cast- 
ings and 20,000 lbs. for steel castings, when speed 
does not exceed 100 ft. per min. 

p -» pitch. 

/ = face. 

y « a factor depending on form of tooth, the value 

of which is given in the table below. 
D « large diameter of bevel-gear. 

d = small diameter of bevel-gear. 

Values of y for Different Forms of Gear Teeth. 





Factor for strength y \ 




Factor for strength y 


Num- 








Num- 








ber 


20*> 


15<> 


Radial 


ber 


20*> 


W 


Radial 


of 


Involute 


Involute 


Flanks 


of In 


volute 


Involute 


Flanks 


Teeth 




and 
Cycloidai 




Teeth 




and 
Cycloidai 




12 


.078 


.067 


.052 


27 


111 


.100 


.064 


13 


.083 


.070 


.053 


30 


114 


.102 


.065 


14 


.088 


.072 


.054 


34 


118 


.104 


. 066 


15 


.092 


.075 


. 055 


38 


122 


.107 


.067 


16 


.094 


.077 


.056 


43 


126 


.110 


.068 


17 


.096 


.080 


.057 


50 


130 


.112 


.069 


18 


.098 


.083 


.058 


60 


134 


.114 


.070 


19 


.100 


.087 


.059 


75 


138 


.116 


.071 


20 


.102 


.090 


.060 


100 


142 


.118 


.072 


21 


.104 


.092 


.061 


150 


146 


.120 


.073 


23 


.106 


.094 


.062 


300 


.150 


.122 


.074 


25 


.108 


.097 


.063 


rack 


154 


.124 


.075 



Using the value of y for 15° involute and cycloidai teeth, the 

strength of the bevel-pinion, on vertical shaft at connection w4th 

the longitudinal shaft, will now be computed. The load on tooth 

= 360 lbs. ; pitch-diam. =8^ ins.; pitch = IJ ins.; face= 3 ins.; 

number of teeth" = 18; small diam. = 6 ins. (about) ; y = 0.083. 
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hen W = 5 p/>^^ =8.000X1.5X3 XO-083Xg-j « 2,100 lbs. 

fhns the teeth of this pinion are much stronger than required for 
the load, but there would be little sa\ing in using a smaller 
pitch on ordinary cast-iron gears. 

It will be unnecessary to figure the capacity of the other end- 
lift gears, as the loads on their teeth are all smaller than that on 
the pinion just considered. 

Turning Machinery. 

The following forces are to be overcome: 

(1) The inertia of the bridge. 

(2) The friction of rollers. 

(3) The friction due to load on center pivot. 

(4) The friction on side of pivot due to wind force. 

(5) The friction of gearing. 

These forces will be reduced to an equivalent resistance at 
the rack-circle, where the power to overcome it will be applied. 
The data for computing the various resistances to turning are as 
follows : 

Length of bridge, 170 ft. 

Width of bridge. 17.5 ft. 

Radius of rack-circle, 9 ft. 10^ ins. — 9.83 ft. 

Total weight of bridge. 382,000 lbs. 

Assumed time for opening, 3 minutes = 180 seconds. 

The coefficient for rolling friction will be taken at 0.005 ; ar 
for sliding friction, at 0.100. 

(1) Force Required at Rack-Circle to Overcome Inertia 
Bridge: 

The polar moment of inertia of the bridge about center pf 
is given, with sufficient accuracy, by the formula 

I = \V — ^^~ 
12 ' 

in which / = polar moment of inertia. 

W = total weight of bridge. 
/ « length of bridge. 
w « width of bridge. 

Then / - 382.000 X j^ = 929J00.000. 



Equivalent weight at rack-circle = ^ — ^ ^ ' — = 9,620,000 
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An equivalent weight, concentrated at rack-circle, which 
would have this same moment of inertia about center pivot = -^, 

in which R = radius of rack-circle. 

92 9700.0 00 
9.83^ 

lbs. 

The circumference of rack-circle = 9.83 X 2 X 3.14 = 62 ft., 
and one-quarter of the circumference == 15.5 ft. Since the bridge 
is required to make one-quarter of a revolution in 180 seconds, 

15 5 
the average velocity at rack-circle = — ^ = 0.086 ft. per sec. 

The maximum velocity, which is reached at the end of 90 
seconds = 0.086x2 = 0.172 ft. per sec. ; and the acceleration, or 

172 

rate of increase of velocity, = • ' - = 0.0019 ft. per sec. 

90 

The acceleration of a body is proportional to the applied force. 
Then, since the acceleration of a body due to the force of gravity 
is known, the ^acceleration of the same body due to any oth^r 
force acting on it will be in the ratio of this applied force to the 
force of gravity, or weight. In other words, applied force : 
weight : : acceleration due to applied force: acceleration of 
gravity. 

Therefore, the force required to accelerate a body a given 
amount is equal to the weight of the body multiplied by this 
acceleration and divided by the acceleration of gravity ; or, stated 
by formula, 

g 
in which W = the force of gravity acting on the body. 
F = any other force acting on the same body. 
g = acceleration due to force of gravity = 32.2 ft. 

per sec. 
a = acceleration due to force F. 
Then the force required at rack-circle to accelerate the equiva- 
lent weight of 9,620,000 lbs. at the rate of 0.0019 ft. per sec. = 

9,620,000X0.0019 _^ ,, 
3272 = ^^^ ^^^' 
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(2) Force Required at Rack-Circle to Overcome Friction of 
Rollers : 

Load on rollers = 324,700 lbs. Coefficient of friction = 0.005. 
Radius of wheel-circle = 9 ft. Radius of rack-circle = 9.83 ft. 
Then: 

324,700X0.005 X^^ = 1.486 lbs. 

(3) Force Required at Rack-Circle to Overcome Friction Due 
to Load on Center Pivot : 

Load on pivot = 57,300 lbs. Coefficient of friction = 0.1. 
Radius of pivot = 3} ins. = 0.3 ft. Center of frictional resistance 
is § of radius from center, = 0.2 ft. Then 

57,300X0.1 X -^^ = 116 lbs. 

•7. OO 

(4) Force Required at Rack-Circle to Overcome Friction on 
Side of Pivot Due to Wind : 

Total wind pressure on bridge = 170 (ft.) X 300 lbs. = 51,000 
lbs. Coefficient of friction =0.1. 

Frictional resistance is at circumference of pivot =» 0.3 ft, 
from center. Then : 

51,000X0. IX -^7^ = 155 lbs. 

The total force required at rack-circle is as follows: 

(1) - 567 

(2) - 1,486 

(3) = 116 

(4) = 155 



2,324 lbs. 

To allow for friction of gearing, 25% will be added to this total, 
thus: 2,324 -h 581 = 2,905 lbs., which is the load on rack-pinion. 

The arrangement of turning machinery is shown in Fig. 19. 
The rack will be 19 ft. 8J ins. in pitch diameter, of 2J|-in. pitch 
and 6-in. face. The rack-pinion will be 12J| ins. in pitch- 
diameter, with 15 teeth of 2fJ-in. pitch and 6J-in. face. The 
permissible load on a tooth of this pinion = 8,000 X2JJ X6J X 
. 075 = 10,480 lbs. It will be keyed to the lower end of a vertical 
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shaft; and at the upper end of this shaft will be keyed a spur- 
wheel, 22|} ins. in pitch diameter, with 48 teeth of IJ-in. pitch 
and 3-in. face. This spur-wheel will gear with a pinion, 5^ ins. 
in pitch-diameter, with 12 teeth of l}-in. pitch and 3}-in. face, 
keyed to another vertical shaft, to which the turning lever will 
be attached. The force required at the pitch-line of this pair 
of gears is equal to the total force required at rack-circle (in- 
cluding friction) multiplied by the radius of rack-pinion and 



divided by the radius of spur-wheel == 2,905 X 



6.4 
11.44 



= 1,625 



lbs. The permissible load on a tooth of the 5j-in. pinion = 
8.000X li X 3} X 0.067= 2,613 lbs. The force required at end 
of turning lever is equal to the force required at pitch-line of 



radtuft 



lurn'mq lever 




2k ^\-. 



pinion 



y^\Ai 




,. rack pinion 
«ipd.»5l.i%p.iH 



^^2p<i.4«i.\4p.ii 



^Si^hoit 




\<^. 



radium d rodk 

wi 



A 

t 
I 

•li 
I! 

M 

■SI 

"I 

I 

-'i 



Fig. 19. — Diagram of Turning Machinery. 

last-mentioned gears multiplied by the radius of the 5j-in. 
pinion and divided by the radius of the turning lever = 1,625 X 

2.87 



60 



« 78 lbs. 



Thus two men will easily turn the bridge, and, since the 
coefficients of friction have been assumed somewhat large, one 
man would probably be able to do the work, though not so 
quickly. 

The number of revolutions of turning lever to one-quarter 

revolution of bridge = t X -^ — X ,^ = 18.37 ; and the distance 
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that the men will walk = 18.37 X 3. 14 X 10 ft. - 676 ft. Then, 

if they walk at the rate of 200 ft. per min.,it will require 7^ » 

2.88 minutes to open or close bridge. 

Rack-Pinion Shaft. — The distance from center of rack pinion 
to center of bearing will be about 7 J ins ; radius of pitch-line = 
6.4 ins. ; load on tooth of pinion = 2,905 lbs. Then Af- .= 2.905 X 
7.5-21,800 in. -lbs., and 7=2.905x6.4 =18.600 in.-lbs. 

T^ = M-\-VM^~Tr = 21,800+V21.800^+18,600» = 50,500 in.- 
lbs. 

A 3 J-in. shaft will be used, the twisting value of which = 60,700 
in.-lbs. 

Turning-Shaft. — The shaft to which turning lever will be ap- 
plied will be 2J ins. in diameter, with a 2-in. square at the top. 

Deflections and Camber. 

The deflection of a framed structure is due to the shortening 
of all the compression members and the lengthening of all the 
tension members, and may be obtained at any panel-point by 
the formula: 

pul* 

In which J = deflection in inches at the required point. 
S = the sign of summation. 
p = stress per sq. in. of gross area in each member 

of the truss. 
u = stress in each member due to a load of 1 lb. 
placed at the point where deflection is required. 
/ = length of each member in inches. 
E = modulus or coefficient of elasticity = 29,000,000 
lbs. for mild steel. 

The factor ^ represents the change in length of a member 

due to compression or tension; and this change in length, mul- 
tiplied by the factor u for the member, will give the amoimt of 
deflection (at the point where the 1-lb. load is applied) due to 
this change; and the total deflection at this point will be equal 
to the sum of the deflections due to the change in length of each 

* See Johnson's " Theory and Practice of Modem Framed Structures."^ 
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member of the truss. If a compression member be shortened, 
or a tension member lengthened, by any other means, then this 
change of length multiplied by the factor u for the member will 
give the deflection as before. If a compression member be 
lengthened, or a tension member be shortened, the change of 
length multiplied by the factor u will give the amoimt that the 
point will be raised. 

In the present example, it is required to find the deflection at 
the ends of bridge when the ends are imsupported. Each arm 
is then a cantilever, and it will only be necessary to consider 
the distortions of the truss-members of one arm. The load of 1 lb. 
will be placed at the end a, and the stresses, or coefficients u, 
figured for the various members, as follows: 

Coefficients u. 
aB&cD - 1 X -%^ = -1.230 

Bc&De =1 X ^^ = +1.230 

20 
ah&bc = 1 X g = +0.714 

40 
BC&CD ^^ ^ ^ ^ -1.428 

60 
cdi5fde ^ -^ ^ S ^ +2.142 

DE&EF ^^ ^ ^ ^ -2.856 

80 
ef =1 X g = +2.856 

A table will now be constructed, using the stresses, Case I, 
and gross areas of members, as shown on stress-diagram. In 
making the calculations for this table, it should be remembered 
that a minus multiplied by a minus yields a plus. Members 
E F and e f will be taken at one-half their length only, as the re- 
maining half-lengths belong to the other arm of bridge. Since 
a load at a induces no stresses in any of the vertical members of 
truss, there are no coefficients u for them, and any distortions 
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of these members will have no e^ect on the end-deBectioo. For 
convenience, the di\'ision by E will be made after snmming 
up the various values for puL 

Tabi.b ro« I>z7i.BCTTO!r AT a, Drc to I>caz>-Loadl 



Member 


Stress 


Area 


P 


■ 


/ 


p»l 


aB 


- 17.500 


17 64 


-1.000 


- 1 230 


413 


« 


509.000 


Be 


- 40,800 


14.70 


^•2,780 


-1-1-230 


413 


+ 


1.400.000 


cD 


- 54,300 


15-88 


-4,050 


— 1.230 


413 


+ 


2.060.000 


D€ 


- 87.500 


26.48 


* 3.300 


-^1-230 


413 


+ 


1.680,000 


ab 


H> 10.300 


14.70 


- 700 


+0-714 


240 


+ 


120.000 


be 


-h 10.300 


14.70 


- 700 


-0.714 


240 


+ 


120,000 


cd 


-«- 71.500 


14.70 


-^4,860 


-^2.142 


240 


+ 


2.500.000 


de 


+ 71,500 


14.70 


^4.8fi0 


-2.142 


240 


+ 


2,500.000 


ef 


+ 122.400 


14-70 


+ 8.350 


+ 2.856 


120 
2 


+ 


1.430,000 


BC 


- 34,000 


14.70 


-2^10 


— 1.428 


240 


+ 


790.000 


CD 


— 34.000 


14.70 


- 2,310 


— 1.428 


240 


+ 


790.000 


DE 


— 122,400 


17.64 


-6,950 


— 2.856 


240 


+ 


4,760.000 


EF 


— 122.400 


17.64 


-6.950 


-2.856 


120 
2 


-i- 


1.190.000 




- 


19.849.000 



Then, deflection at a = S 



put 19.849.000 



0.69 in. 



E 29,000,000 

To coimteract the deflection due to live-load, the bridge will 
be cambered at c and h by adding }>in. to each of the members 
B C, C D, G H, and H I. This increase in length of top chords 
will cause additional deflections at a and /, equal to the coefficient 
u for members B C and C D, multiplied by the increase in length 
of these members. Then, the deflection at a caused by increasing 
the length of members 5 C and C D = 1.428Xl-in. X 2 =« 0.71 in. 
The total deflection at a will now be 0.69 +0,71 = 1.4 ins. Part 
of this deflection will be coimteracted by the end-screws, and the 
balance by shortening the members D E and F G . 

It will now be necessary to determine how much the ends 
require to be lifted in order that the reactions will be equal to 
the assumed loads of 15,000 lbs. on the screws. This will be done 
by placing a load of 15,000 lbs. at a, and computing the end- 
deflection due to this load. The amoimt necessary to raise 
the end to give a reaction of 15,000 lbs, will e\'idently be equal 
to the deflection at this point caused by a load placed there, 
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which is equal to this reaction. The stresses caused by a load 
of 15,000 lbs. at a are as follows: 

Stresses for Load op 15,000 lbs. at a. 



aB.&cD 



15,000 X^.^ 18,500 



Bc&De 



Q4 41 
15.000X~^ = +18,500 



ah&b c 



15.000 X § 



+ 10.700 



BC&CD 



40 

15,000 X g 



-21,400 



cd& de 



80 
15.000 X g 



+ 32,100 



DE&EF 



80 
15,000 X g 



- - 42,800 



ef 



80 
15,000 X ^ = +42,800 



Table for Deflection at a. Due to Load op 15,000 lbs. at this Point. 



Member 


Stress 


Area 


P 


u 


/ 


pu I 


aB 


-18,500 


17.64 


—1,050 


-1.230 


413 


+ 535.000 


Be 


+ 18,500 


14.70 


+ 1,260 


+ 1.230 


413 


+ 640.000 


cD 


— 18,500 


15.88 


- 1,160 


— 1.230 


413 


+ 589.000 


De 


+ 18,500 


26.48 


4- 700 


+ 1.230 


413 


+ 356,000 


ah 


+ 10.700 


14.70 


+ 730 


+ 9.714 


240 


+ 171.000 


he 


+ 10,700 


14.70 


+ 0730 


+ 0.714 


240 


+ 171.000 


cd 


+ 32.100 


14.70 


+ 2,190 


+ 2.142 


240 


+ 1,126.000 


de 


+ 32,100 


14.70 


+ 2,190 


+ 2.142 


240 


+ 1.126,000 


ef 


+ 42,800 


14.70 


+ 2,920 


+ 2.856 


120 
2 


+ 499,000 


BC 


— 21.400 


14.70 


- 1,460 


-1.428 


240 


+ 355.000 


CD 


— 21,400 


14.70 


— 1,400 


-1.428 


240 


+ 355.000 


DE 


— 42,800 


17.64 


- 2,430 


-2.856 


240 


+ 1,665.000 


EF 


- 42,800 


17.04 


-2,430 


-2.856 


120 
2 


+ 416,000 




+ 8.004.000 



Then, deflection at a = 2 



piil ^ 8.004,000 
E " 29,000.000 



0.28 in. 
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Tbtis the ends reqttire to be lifted 0.2S is. by the screws in 
r/frjer Uj give a reaction ol 15.000 lbs. The balance o£ the end- 
deflection (which is equal to 1.4 — 0.2& = 1.12 ins.> will be taken 
up by shr/rtening members /> £ and F G\ and the amount that 
these members must be shortened is equal to the bei^t that the 
ends are required to be raised, divided by the coefficient u for 



'^^-27856- 



0.39 in 



l-in 



Note: — The dead-load stresses have been computed for two 
extreme cases: (I), with no reaction at a: (II », with reaction at a 
f^uffunetil to Hf t the end the full amotmt of the deflection, which 
has been f^/und to be 0.G9 in. Although a reaction of only 15.000 
\\j%. has been pro\-ide<l by the end-screws, which would lift the 
#?nd» but 0.2H in., this reaction may be increased by the unequal 
temperature strains to the full amount provided for in Case (II j. 

Estimated Weight. 
Trisses. 



aB 



\0 
17.04 x:H.4x —X 4 



8,100 



BCD 



10 
14.70x40 X — X 4 

•5 



- 7,850 



UE 



10 
17.r.4x20 X -X 4 

3 



4.700 



HF 



10 
17 t>4 X 10 X — X 2 

3 



1.180 



a he 



10 
14.70x40 X — X 4 

3 



7,850 



c dif 



1^ 
14 70x40 X — X 4 

3 



7,850 



rf 



14.70 X 10 X — X 2 

3 



980 



lind struts 



- 0.84 X 17.2 x — x 4 - 1.570 

3 



Vvrticals 



10 
13.08 X 28 X -- X 10 - 20,450 

Forward, 60.530 
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Be 



Brought forward, 
10 



60.530 



14.70 X 34.4 X — X 4 « 6.750 

3 



cD 



10 
15.88 X 34.4 X — x 4 

3 



7,350 



De 



26.48 X 34.4 X — x 4 

3 



12.200 



Center diagonals - 2.00 x 17.2 x -7- x 8 



Details. (40%) 



- 920 

87,750 

- 35.100 

122.850 lbs. 

One 20-ft. Stringer. 
Web, 1 plate 36x | -in. ©45.90 lbs. 20 ft. lon^j 

Flanges, 4 angles 6x6 x^ "©17.20 " 20 ** " 
-4/ ends, 4 angles 6x6 x J ** ©24.20 ** 3 " " 
Fillers, 4 plates 9xft "©13.40 " 2 ** ** 

Stiff eners, 10 angles 3x3 x^ ** @ 6.10 " 3 " " 



, Rivet-heads, (3%) 



One 10-pt. Stringer. 
Wehi I plate 36 x J -in. ©45. 90 lbs. 10 ft. long - 

Flanges, 4 angles 3ix3ix f " © 8.50 " 10 " ** - 

At ends, 4 angles 6 x3ix % "©11.70 " 3 ** " - 

Fillers, 4 plates 6 x f " © 7.65 " 2 " 5 ins. " 

5/i#<^«rr5, 4 angles 3 x3 x^ " © 6.10 " 3 " 



910 
1.380 
290 
100 
180 

2.860 
80 

2,940 lbs. 

460 
340 
140 

70 

70 



Rivet-heads, (3%) 



One Stringer Brace-Frame. 
Horizontals, 2 angles 3Jx3Jx^-in.© 7.10 lbs. 8 ft. long 

Diagonals, 2 angles 3 x2Jx^ "@ 5.50 " 4 " Gins. " 
Gussets, 4 plates lOx^ " © 10.62 " l " 

2 plates lOx^ " ©10.62 " 1 " 6 " " - 



1.080 
30 

1.1 10 lbs 

110 
100 

40 

30 



Rivet-heads, (2%) 



280 
10 



290 lbs. 
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One Esd Floorbeak. 

LEXCTH. 

Web, 1 plate 42x1 -tn.^o3.55 lbs. 16 ft. 6 ms. 

Flanges, 4 angles 6x6 x) '^19.60 - 

End connections, A angUn 6x6 x| "^24.20 - 

FiUers, 4 plates 9x ) '^1530 - 

Brackets, 2 plates 36x i " ^4590 - 

4angles3Jx3Jxi -fe 850 * 

4angles3 x3 x} - ^ 7.20 - 

Stiff eners, 4 angles 4x3 )x{ "^9.10 - 

FUlers, 2 platen 8 Jx J -^14.40 - 



16 ft. 6 j 


ms. 


- 890 


16-6 


« 


-1,290 


2 - 6 


- 


- 240 


2-6 


m 


- 150 


1 - 




- 90 


1 - 2 


m 


- 40 


2 - 6 


a« 


«= 70 


3 - 6 


«• 


- 130 


2 - 6 


• 


« 70 



2.970 
Rivet-heads. (3^0) •« 90 



One Intermediate Floorbeam. 



Web, 1 plate 42x| -in. fe 53. 55 lbs. 

Flanges, 4 angles bxOxJ - fe24.20 ** 

End connections, 4 angles 6x0x| " fe24-20 - 
FtUers, 4 plates 9 xf " ^19.13 " 

4 plates 13x| " ^27.62 - 



f A V 


3.060 lbs. 


LENGTH. 




16 ft. 6 ins. 


- 890 


10 - 6 - 


« 1.600 


2 - 6 - 


« 240 


2 - - 


» 190 


2 - 6 - 


- 280 



3,200 
Rivet-heads, (3%) - 100 



3,300 lbs. 



Top Laterals. 

6 angles 3x3x||^-in.@,e).10 lbs. 24 ft. long « 880 
2 angles 3x:3x^ " feO.lO " 18" " = 220 



1,100 lbs 



One Portal Strut. 

Top strut, 2 angles o x3Jx |-in.@ 11.70 lbs. 19 ft. long«» 450 

Diagonals, 4 angles 3ix3ix J '* fe 8.50 " 11 " " = 370 

4 angles 3 x3 x^ - @^ 0.10 " 5 " " - 120 

//(7riS(7«/(j/, 2 angles 3 x3 x^ " © 0.10 " 7 " " - 90 

(JusSiHs, 2 plates 18x J " @22.90 " 1 " ins. " = 70 

2 plates 18x I " @22.9i3 *' 2 " " « 90 

2 plates 12x f " fe 15.30 " 1 " " " - 50 

*' 2 plates 24x } " @30.00 " 1 - " = 60 

2 plates 12x J " @15.3U " 2 " " = 60 



1.360 
Rivet-heads, (3%) - 40 



1,400 lbs. 



DESIGN OF A 170-FT. SWING-BRIDGE.^ .147 

One Intermediate Top Strut. 



Top strut, 2 angles 3Jx3 x^- 

Diagonals, 4 angles 3 x3 xf}^ 

8 angles 3 x3 x^ 

Horizontal, 2 angles 3 x3 x^ 

Connections, 4 angles 7 x3ix^ 

Gussets, 2 plates 18x } 

3 plates 9 X J 

2 plates 9 X J 



Rivet-heads, (3%) 



i.@ 6.60 lbs. 


19 ft. 


Ion] 


g:-250 


" @ 6.10 " 


8 " 


M 


«200 


" @ 6.10 " 


3 " 


U 


= 150 


•* @ 6.10 " 


10 " 


u 


= 120 


" @15.00 " 


1 " 6 ins. 


u 


= 90 


" ©22.90 - 


1 ** 


u 


= 50 


" ©11.48 " 


1 " 


M 


= 30 


" ©11.48 " 


9 ins. 


U 


= 20 

910 
- 30 



Bottom Laterals. 



One Loading Girder A, 



940 lbs. 



\st panel, 4 angles 3 x3 x |-in.@ 7.20 lbs. 24 ft. long = 690 

2d panel, 4 angles 3 x3 x^ " © 0.10 " 24 " " = 590 

3d panel, 4 angles 3ix3 x | " © 7.80 " 24 " " =750 

^h panel, 4 angles 6 x3ix J "©11.70 " 24 " " =1.120 

Center panel, 8 angles 3 x3 x J " @ 7.20 " 5 " " =290 

LockangUs, 24 angles 3 x3 x i " © 7.20 " 7i ins. " =110 

12 angles 3ix3ix J " © 8.50 " lOi ** " =90 

Intersections, 8 plates 18x J " ©22.90 " 2 f t. " = 370 

Center panel, plates 12x f "©15.30 " IJ " " =140 



4,150 
Rivet-heads, (2%) = 80 



4,230 lbs. 



©89.25 lbs. 


19 ft. long 


= 1,700 


©19.00 " 


19 " " 


= 1,490 


©22.10 " 


13 " " 


= 570 


©13.00 " 


3i " " 


= 380 


©30.00 " 


2i " " 


= 310 



Weh, 1 plate 42x J -i 

Flanges, 4 angles 0x0 xj 

2 plates 13x i 
End stiff cnerSyS angles 5x3 Jx J 
Fillers, 4 plates 18x J 

Stiff eners over girders B, 

8 angles 0x0 xi "©19.00 " 3i *' " = 550 
Stiff eners under stringers, 

8 angles 5x3ixi "©10.40 " 3i " " = 290 
FiUers, 4 plates 28x i "©47.00 " 2i " " =480 



5,770 
Rivet-heads, (4%) = 230 



0,000 lbs. 
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One Brace-Frame between Loading Girders A. 



Horizontals, 4 angles 3x3x|-in.@ 7.20lbs. 9 ft. long 


-260 


Diagonals, 4 angles 3x3x| " @ 7.20 " 5 " " 


-140 


Gussets, 4 plates 12x| " ©15.30 " IJ * " 


- 90 


2 plates 12x1 " ©15.30 " 2 " - 


- 60 




550 


Rivet-heads. {2%) 


- 20 




570 lbs. 



One Loading Girder B. 

LENGTH. 

Web, 1 plate 27x} -i 

Flanges, 4 angles 6xGxf 

End connections, 4 angles 8x8x{ 
Fillers, 4 plates 15x} 

Stiff etters, 4 angles GxGx} 

Fillers, 4 plates 15xJ 

Bearing for girder A, 

1 plate 13x} 

Rivet-heads. (3^t;) 



©68.85 lbs. oft. 


10 ins. 


- 400 


©28.70 - 5 " 


10 " 


= 670 


©32.70 " 2 " 


2 •* 


« 280 


©33.26 " I " 




- 150 


©19.60 " 2 • 


2 " 


= 170 


©38.26 " 1 ** 


6 " 


- 230 


©33.15 " 1 " 


6 " 


- 50 

1.950 
- 50 



One Loading Girder C. 



LENGTH. 



Web, 1 plate 27x { • 

Flanges, 4 angles 6x3 Jx} 

End connections, 2 angles 6x6 x} 
Fillers, 2 plates 15x | 

End stiff eners, 2 angles 3x3 x| 
Fillers, 2 plates 6x | 

Rivet-heads, (3%) 



2,000 lbs. 



(a^o7.38 IDS. 8 It. 6 ms. 


« 490 


©11.70 " 8 " 6 ** 


= 400 


©24.20 " 2 *• 2 " 


- 100 


©19.13 " 2 ** 3 " 


= 90 


© 7.20 " 2 " 2 " 


- 30 


© 7.05 " 1 « 3 " 


- 20 




1.130 




- 30 



1.160 lbs. 



Web, 

Top flange. 

Bottom flange. 

Web-splice 

Flange-splices, 16 plates 5Jx \ 

4 plates 9x J 
Upper tread, 1 plate J x I j 

Rivet-heads, (3%) 



Circular Girder. 

1 plate 27x | -in. ©34.42 lbs. 56 ft. 7 ins. 

2 angles 6x3i.x| " ©11.70 
2 angles 6x3ix| " ©18.90 
8 plates 13x | " 



©16.57 
© 9.35 
©11.48 
©38.68 



56 

56 

I 

3 

3 

56 



7 - 

7 " 

3 " 

6 " 

7 " 



= 1.950 
= 1,320 
= 2.140 
= 160 
= 450 
= 160 
= 2.190 

8.370 
- 250 

8.620 lbs. 



DESIGN OF A 170-FT. SWING-BRIDGE 



149 



Summary. 



Trusses 



122.850 122.850 



16 stringers 


® 2.940 « 


47,040 


2 stringers 


©1.110- 


2.220 


10 stringer brace-frames 


@ 290- 


2.900 


6 intermediate floorbeams 


©3.300- 


19.800 


2 end floorbeams 


@3,0eK)- 


6.120 



78.080 



2 portal stmts 

6 intermediate top struts 

Top laterals 

Bottom laterals 

End-lifts 
Latches 



2 loading girders A 
2 brace-frames 
4 loading girders B 
8 loading girders C 
Circular girder 

Center castings and rollers 
Spacing-rods. etc.. for rollers 
Turning-machinery 



Total, 



@ 1.400 
940 



@6.000 
@ 570 
@2.000 
@1.160 



2.800 
5,640 
1,100 
4,230 

6,750 
800 



12,000 
1.140 
8.000 
9,280 
8,620 



13.770 



7,550 



222.250 



39.040 



12,200 
1,700 
3,260 17.100 



56.200 



278.450 lbs. 



The total weight of steel structure supported by the loading 
girders = 222,250 lbs.; and the weight per lin. ft. = 222,250 -^ 
170 = 1,300 lbs., which is just equal to the weight assumed for 
calculating the stresses. The weights of castings, machinery 
etc., have been taken from similar structures. In order to 
obtain closer estimates of these items, it would be necessary 
to make more detailed designs. 
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CHAPTER VII. 

THE DESIGN OF A RAILWAY VIADUCT. 

Length of tower-spans, 40 ft. 

Length of spans between towers, 60 ft. 

Maximum height from top of pedestals to base of rail, 100 ft. 

Width at top, 8 ft. c. to c. 

Batter of posts transversely, 1 in 6. 

Depth of girders, 6 ft. 

Ties, 8 X 12 ins. spaced 12 ins. c. to c. 

Dead load for 60-ft. spans: 

Steel 700 

Floor 600 



Total 1,300 lbs. per lin. ft. 
Dead-load for 40-ft spans : 

Steel 600 

Floor 600 



Total 1,200 lbs. per lin. ft. 

Live-load as per specification. 

In structures of this class the girders of the long and short 
spans are usually made the same depth, which arrangement 
simplifies the details and insures a more pleasing outline than 
would otherwise be obtained. 

For the 60-ft. span, the plate-girder of Chapter II will be used ; 
but the end details will be altered, as shown in Fig. 21. 

40- Ft. Span. 
^ND shear: 

Dead-load = 600 X 20 = 12,000 

Live-load, from diagram = 85,000 (wheel 2 at support) 

Impact = 35^000+^2,000 ^ ^^-^ 



171,500 lbs. 
Area required in web-plate = 171,500-^10,000 -• 17.15 sq ins. 
A 72 X f-in. plate, = 27 sq. ins., will be used. 

150 
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CENTER moment: 

Dead -load = - = 120,000 

Live-load, from diagram =» 750,000 (wheel 4 at center) 

1.516,5(K)ft.-lbs. 

Eflective depth =5.7.") ft. Flange-stress == 1,516,500-^5.75 
= 1203,700 lbs. 
Flange-area required = 263,700^16,000 = 16.48 sq. ins. 

The following section will be used: 

J of 72 X |-in. web-plate = 3.37 

2 angles 6 x 6 x JJ-in. = 14. 18 (one hole, 1 in. in diam., 

in each angle) 

17.55 sq ins., net. 

Since there are no flaitge-plates on the girder, there will be 
no holes in the horizontal legs of the bottom angles near center 
of span, and therefore it is only necessary to allow for one rivet- 
hole in each angle. The web-plates v^ill be spliced at the center, 
the same as those of the 60-ft. span. For the intermediate 
stifTeners, two 4 x 3J x |-in. angles will be used; and for the top 
laterals, 3 x 3 x ft-in. angles will be used throughout. There 
will be three intermediate and two end brace-frames, the same 
as shown in Fig. 4. 

Towers. 

The towers are composed of four posts, braced transversely and 
longitudinally. The bracing will all be capable of resisting 
either tension or compression. 

The forces to be consitlered are as follows: (a), dead-load, live- 
load and impact ; (h) , longitudinal force due to traction of engine, 
or the sudden application of brakes to a moving train ; (c) , wind 
force on side of train, girders, and tower. 

Dead-Load Stresses. — The dead-load applied at top of post is 
equal to the reactions of the 60-ft. and 40-ft. spans =« (650 X 30) 
4- (600 X 20) = 31,500 lbs.; and the dead-load of one 31-ft. 
section of post (including longitudinal and transverse bracing) 
will be assumed at 11,000 lbs. The vertical height of one section 
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of post - 31 ft., and its actual length = 31.33 ft. Then the dead- 
load stress in a section will be equal to the applied load multi- 

31.33 

plied by — ^^ — . Since the batter of posts is 1 in 6, the stress 

in top transverse strut will be equal to one-sixth of the load on 
top of post. If it were not for the friction on pedestals, there 
would be a corresponding tension in the bottom strut. The 
stresses in this member are indeterminate: it is required princi- 
pally to equalize the horizontal forces between the two pedestals. 
Dead-load stress in top section of post 

- (31.500+1 1,000) X^p^ = -f 43,000 
Dead-load stress in middle section of post 

= (31,500 + 22,000)X --^^ = -f 54,000 
Dead-load stress in bottom section of post 

= (31,500 + 33,000) X ^^^^ = +65,000 

»51 

Dead-load stress in top transverse strut = 31,500 -^ 6 = + 5,300 

Live-Load Stresses.— The maximum load on bent No. 2, as 
well as the maximxmi load on the whole tower, vdW be 
foxmd with the wheel-concentrations placed as shown in 
Fig. 20, in which the 40-ft. tower-span and the two adjacent 
60-ft. spans are placed on the moment -diagram \\ith wheel 10 
at the left-hand end of the former. Verticals are dropped from 
the points of support of the three spans intersecting the equi- 
librium-polygon, and closing lines are drawTi through these in- 
tersections. Then, lines dra\vn through the pole O in force- 
polygon, parallel ^ith these closing lines and intersecting the 
load-line, will determine the reactions at the points of support. 
The distance between the intersections of the line parallel with 
closing line for the left-hand QO-it. span and the line parallel 
with closing line for the 40-ft. span, represents the load on post 
No. 2, which is 140,000 lbs. ; and the distance between the inter- 
sections of the line parallel with the closing line for the 40-ft. 
span and the line parallel with the closing line for the right- 
hand 60-ft. span, represents the load on post No. 3, which is 
125.000 lbs. 
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Live-load stress in all sections of post 

= 140,000 X ^^^ = -h 141.000 

Live-load stress in top transverse strut = 140,000-^6 = 4-23,300 
Longitudinal-Force Stresses. — The sudden application of brakes 
to a moving train imparts a longitudinal force, which is equal to 
the load on tower multiplied by the coefficient of friction between 
the rails and wheels. This coefficient is assumed to be 2/10, 
The maximum live-load on the two-posts, as found above, = 
140,000 -f 125,000 = 265,000 lbs, ; but from this may be deducted 
the reactions of the pilot- wheels (1 and 10) because they will 
have no brakes. These reactions = 11,500 (14-4/60) = 12,000 
lbs. Then the longitudinal force on one side of tower = (265,000 
-12,000) X 2/10 = 50.600 lbs., which is assumed to act at top of 
posts. Since there are two systems of bracing, capable of re- 
sisting either tension or compression, the horizontal component 
of the stress in each w*ill be equal to one-half of this applied force, 
and the component in line of posts will be equal to the horizontal 
component multiplied by the length of one section of post 
and divided by the longitudinal distance between posts. The 
stress in upper section of posts will be equal to one of these latter 
components; the stress in the middle section will be equal to 
three; the stress in the lower section will be equal to five; and 
the reaction at base will be equal to six. The stress in diagonals 
will be equal to the horizontal component multiplied by the 
length of the diagonal and divided by the distance between posts. 
The length of diagonals = V 3 1.33^ 4- lu^ = 50.8 ft. 

31 33 

Stress in top section of posts = 50,600Xj X — j^ = ± 19.S00 

Stress in middle section of posts = 19,800 X 3 = ± 59,400 

Stress in lower section of posts = 19,800x5 = ± 99,000 

Reaction at base of posts = 19,800x6 =±118,800 

Stress in diagonals = 50,600 Xi X '-^ = ± 32.000 

Wind-Force Stresses. — There are two cases to be considered 
according to specification, \4z: 

Case I, Structure Loaded.— A horizontal force of 300 lbs. per 
lin. ft., applied 8 ft. above base of rail; a horizontal force of 30 
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lbs. per sq. ft. on the girders and floor; and a horizontal force of 
225 lbs. per ft. of height on posts. 

Case II, Structure Unloaded. — ^A horizontal force of 50 lbs. per 
sq. ft. on the girders and floor; and a horizontal force of 375 
lbs. per ft. of height on posts. 

The concentrations are as follows: 



Case I. 

8 ft. above base of rail, 309 lbs. X ^^ = 15,000 



60 ft. +40 ft. ^®** 



60 f t. + 40 ft. 
Center of girders and floor, 30 lbs. X 7 ft. X = 10,500 



14 ft 
Top of posts, 225 lbs. X = 1,600 



1st panel-point from top of posts, 225 lbs. X '— ^= 3,500 

2d panel-point from top of posts, 225 lbs. X ^-7-^ ^= 5,400 

3d panel-point from top of posts, 225 lbs. X 31 ft. = 7,000 

Case II. 

Center of girders and floor, 50 lbs. X7 ft. X ,^ '-= 17.500 

14 ft. 

Top of posts, 375 lbs. X = 2,600 



. , . „ . 1-* ft +17 ft. 
1st panel-pomt from top of posts, 375 lbs. X = 5.800 



17 ft. +31 ft. 
2d panel-point from top of posts, 375 lbs. X "- = 0.000 

*^ 

3d panel-point from top of posts, 375 lbs. X31 f^ =M,'600 

These concentrations are shown in Fig. 20. At the lst,^d, 
and 3d panel points from top of posts, one-half of the concen- 
tration is assumed to be applied to the windward post and one- 
half to the leeward post. In order to facilitate the graphical 
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computation of the wind-force stresses, imaginary members are 
supplied to transmit the force applied 8 ft. above base of rail 
and the force at center of girders and floor to the top of leeward 
post, as shown in dotted lines. 

In the stress-diagram. Case I, the forces .4, B, C, D, £, F, G, 
H, /, J are laid off on a horizontal line from left to right. Then, 
from the points D and E on load-line, lines are drawn parallel 
with the dotted members D e and E e, intersecting in the point e. 
Next, from the point F on load-line, and from the point e in 
stress-diagram, lines are dra\\Ti parallel with F f and ef, inter- 
secting in the point /. There are now three imknown forces at 
the top of both \\*indward and leeward posts; but, assuming 
both systems of bracing to be equally stressed, the difficulty 
is readily overcome, thus: From the points D and G on load- 
line, lines are drawn parallel with members D d and G g\ and, 
from the point / in stress-diagram, a line is drawn parallel with 
member /I. Now, the point 1 in stress-diagram must be lo- 
cated at such a distance horizontally from / that d 1 and g 1 ^ill 
be of equal lengths. There a^iII be no further trouble in finishing 
the diagram. The stresses in both posts of bent, as well as in 
both systems of bracing, are equal but of opposite character. 
This diagram gives the maximum wind stresses in posts, and the 
maximum reaction ?t base, which latter is equal to the vertical 
height from point 5 to the load-line = ±92.000 lbs. 

Stress-diagram, Case II, which gives the maximum stresses in 
diagonals, is similarly constructed, except that force D E is 
omitted. 

Posts. — The stresses in the top, middle, and bottom sections of 
posts will now be tabulated. 

Top Section: 

Dead-load 4- 43.000 

Live-load -1-141,000 

^^^^' - 14lZy3.000 ° +^.^!f^ +2^2.200 

Longitudinal + 19.800 

Wind + 57,000 -f 76,800 

+ 369,000 
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Middle Section: 

Dead-load + 54,000 

Live-load +141,000 

^■"P-^ ° 14lZ'^4.000 ■ ^'^!^ -^297.000 

Longitudinal + 59,400 

Wind + 72,000 +131.400 



+ 428.400 



Bottom Section: 

Dead-load + 65,000 

Live-load +141,000 

Longitudinal + 90,000 

Wind + 87,000 +186.000 



+ 488,500 



For the dead-load, live-load, and impact stresses the ordinary 
unit stress of 16,000 lbs. per sq. in. (reduced by formula for pin- 
ends) will be used ; but, when these are combined with the longi- 
tudinal and wind stresses, the unit stress will be increased 25%. 
Assuming two 18-in. I-beams @ 55 lbs., spaced ISJ ins. c. to c, 

/ t31 33 

the least radius of gyration = 7.07 ins. Then — = ' ' = 4.4, 

which corresponds with a permissible unit stress of 12,220 lbs. 
per sq. in. In the bottom section the dead-load, live-load, and 
impact stresses = 302,500 lbs., which, at 12,220 lbs = 24.75 sq. 
ins. required. The total stress in this section = 488,500 lbs., 
and the permissible unit stress for this case = 12,220 + 25% =« 
15,270 lbs. Then, 488,500^15,270 = 31.99 sq. ins. required. 
The assumed section of two 18-in. I-beams @ 55 lbs. = 31.86 
sq. ins.; and since this is the minimum weight of this size of 
beam, it will be used throughout. 

Longitudinal Bracing. — In order to insure a large degree of 
rigidity in the structure, the longitudinal diagonals will be 



constructed of four 3 x 3 x |-in. angles, placed back to back 
but separated. 12 ins. in side elevation; and 18 ins. apart in the 
other direction, as shown in Fig. 21. They will be latticed 6n 
four sides. The stress in these members = ± 32,000 lbs. , their im- 
supported length. — 25.4 ft., and their least radius of gyration -« 

/ 25 4 
6.95 ins. Then - = -^-^ = 3.6, which corresponds with a per- 

r 6.95 

missible unit stress of 14,500 lbs. per sq. in. for square ends; and 
the required area =» 32,000-5-14,500 = 2.2 sq. ins. The area of 
four 3 X 3 X |-in. angles = 8.44 sq. ins., which is much greater 
than that required for the stress; but it is undesirable to use. 
smaller angles on account of the riveting, and the specification 
only permits A-i"- metal in wind bracing, lattice-bars, and 
stiffen ers. 

The bottom longitudinal strut ^411 be of the same material as 
the diagonals: but, on account of its greater unsupported length, 
the angles will be 18 ins. back to back, vertically, as shown. 

Transverse Bracing. — In the top strut the stresses are: 

Dead4oad + 5,300 

Live-load +23,300 

Impact = 23.300 + 5.300* "^^^'^ 

+ 47,500 lbs. 

The stress due to wind force is not included in the above, 
because it is tension and only tends to diminish the compression 
due to dead- and live-loads. For this member two 10-in. channels 
@ 20 lbs. will be used, with the webs placed vertically. 

The diagonals and bottom strut will be similar to the longi- 
tudinal bracing, except that A -in. metal will be used, and the 
angles of the shorter members near the top of bent will be closer 
together, as shown in Fig. 21. If these short members were as 
wide as the longer ones, they would look out of proportion. 

Bearing Plates. — In figuring the bearing area required, the 
unit pressure on concrete for dead-load, live-load* and impact 
will be taken at 400 Ibs^ipet sq.i in.; but, when these are. com- 
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bined with longitudinal and wind loads, the unit pressure will 
be increased 25%. The total reaction is as follows: 

Dead-load - 31,500 + 33.000 - 64.500 

Live-load = 140.000 

140 000' 
^-^P*^' = 140.000;64.500 " _?^ ^'^ 

Longitudinal -> 118.800 

Wind = 92.000 210,800 



lbs. 511.100 

Then, 300,300-^400 =- 751 sq. ins.; and 511,100^500 = 1,022 
sq. ins., which latter is the area reqmred in bed-plates. Iii' Pig. 
21 the plates are 33 x 33 ins. = 1,089 sq. ins. The upper, or 
shoe-plate, which is riveted to the post, is IJ ins. thick; and the 
lower, or bed-plate, J-in. thick. 

Anchors. — The greatest tension on the anchor-bolts of the wind- 
ward post of bent No. 3 will occur when the uniform live-load 
of 2,250 lbs. per lin. ft. (on each rail) covers span 1-2, and ex- 
tends about three-fourths of the distance from bent No. 2 to 
bent No. 3. Assuming this condition of loading. 

Live load on post No. 2 = (2,250x30)4-^ 2,250X30 x|g) 

= 109.700 
Live-load on post No. 3 = ^ 2,250 X 30 X^]= 25,300 



Total live-load on one side of tower 2-3 = 135,000 lbs. 
Longitudinal force at top of posts = 135,000x2/10 = 27.000 

lbs. 

Vertical reaction at the foot of post No. 3 due to this force =* 

94 
27.000X7^ = -63,400 lbs. 
40 

The wind force, 8 ft. above base of rail, for bent No. 3 will be 

15 ' 

300 lbs. X 30 (ft.) X T7^ = 3.400 lbs. Now the difference between 

this force and the corresponding force of Case I, as showr^ in 
Fie. 20. =» 15,000-3,400 = 11.600 lbs.; and the vertical reaction 
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at the foot of windward post will be equal to that obtained from 
stress diagram, Case I, less that due to this difference = 92,000— 

A 1,600 X -^j = -69,900 lbs. The reactions will now be sum- 

marized. 

Longitudinal force « ^ 63,400 

Wind force « - 69,900 - 123,300 



Dead-load » +64,600 

Uve-load = +26,300 + 89,800 



- 33,600 lbs. 

Thus the maximiun tension on the anchor-bolts = 33,600 lbs., 
which, @ 10,000 lbs. per sq. in. = 3.36 sq. ins. required. The 
above low imit stress is employed on accoiuit of the probable 
deterioration from rust. Two bolts, 2 ins. in diameter, will be 
used, the net area of which (alloT\ing for threads) = 4 sq. ins. 
(about). The anchors should have attached to them, at their 
lower extremities, a heavy piece of beam or channel ; and the 
whole should be biiilt into the concrete. It is not advisable to 
depend on the adhesion of concrete to the rods in structures of 
this kind, as it may be destroyed by vibration. 

Assuming concrete to weigh at least 160 lbs. per cu. ft., the 
volume required = 33.500-4-160 = 223 cu. ft. A pedestal 6 ft. 
square at the top, 7 ft. square at the bottom, and 8 ft. deep 
would contain 290 cu. ft. 

Details. 

I Fig. 21 is a detail drawing showing one-half of a bent, and one- 
half of the longitudinal elevation of tower, also one end of a 
60-ft. span. 

The 40-ft. span will be riveted at both ends to the tops of posts, 
but the 60-ft. span will be riveted to the posts at one end only. 
At the opposite end, there will be slotted holes in the shoe-plates 
to provide for expansion, and bolts with nuts and washers will 
be used to connect the shoes with the caps of posts. The 60-ft. 
span (excepting the altered end details) and the intermediate 
brace-frames of the 40-ft. span vn\\ be the same as shown in Fig. 4. 

In the tower the vertical spacing of the transverse and longi- 
tudinal bracing is varied slightly from that shown in Fig. 20, 
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in order to arrange efficient connections for the top and bottom 
struts. The various thicknesses of lattice-bars are determined 
by the rule that their imsupported length shall not exceed fifty 
times their thickness. At the foot of posts, substantial brackets 
are provided to take the pull of the anchor-bolts. The field- 
splices in posts are so arranged that the upper sections can be 
dropped into place over the lower sections, which is an important 
consideration from the erecter's point of \4ew. The 8 x 3 x |-ui. 
angles tised in this design are rolled in Scotland. If they could 
not be obtained, it would be necessary to use small angles and 
gusset plates to connect the transverse bracing to posts. 

In order to facilitate the shopwork by having as many parts 
alike as possible, the upper sections of the shorter towers should 
be made like those of the highest tower, and the difference in 
height allowed for in the bottom section. This rule does not 
apply to tOT^ers near the ends of the viaduct, which may be 
shorter than a single section of the highest. In these short 
towers it may be advisable to decrease the size of posts^ 

Estimated Weight. 

Referring to Fig. 4, and taking into account the altered de- 
tail at ends, as shown in Fig. 21, the weight of the 60-ft. girders 
is estimated as follows : 
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Summary pofc 60-ft. Span. 
2 Girders - 39,600 

Top Laterals, - 1,410 

2 End Brace-Frames @290 - 580 

4 Intermediate Brace-Frames @270 -= 1,080 



42.670 lbs. 

Two 40-PT. Girders. 
Flanges. 

8 angles, 6x6 x^-in.@26.50 lbs. 39 ft. 11 ins. long » 8,470 

Webs. 

1 - - = 7.330 

- 480 

« 940 
= 1.530 

- 840 

= 270 

19.860 
Rivet-heads. (4%) - 790 



2 plates. 
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Top Laterals, 40-ft. Span. 
Alain Material. 

8 angles, 3x3 x^-in.^, 6.10 lbs. lift. long -=540 

Connections. 

16 plates. 12x^ " (a 12.75 " 1 " 6 ins. " -310 

Splices 

4plates. 18x^ " fe,19.13 " 1 " 6 " * -110 



960 

Rivet-heads. (2%) = 20 



980 lbs. 



Summary for 40-ft. Span. 
2 Girders, = 20.050 

Top Laterals. = 980 

2 End Brace-Frames (^290 = 580 

3 Intermeviiate Brace-Frames @270 « 810 



23,020 lbs. 

The weight per lin. ft. of the 40-ft. span = 23,020-^40 = 575 
)bs., which is 25 lbs. less than that assvuned for the calculations. 
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LENGTH. 








T(^ strut. 






















2 10-in. channels 




@20.00 lbs. 


6 ft. 


6 ins. 


— 


260 




4 plates, 12x f 


-: 


in. @ 15.30 


M 


1 


M 


9i 


M 


- 


110 




8 flats. 2ix i 




-@ 2.87 


M 


2 


M 


6 


«« 


- 


60 


430 


Top panel. 






















4 angles, 3x3 x^ 


" @ 6.10 


M 

\ 


14 


M 






« 


340 




4 angles. 3x3 x^ 


- @ 6.10 


M 


5 


M 






— 


120 




4 angles, 3x3 x^ 


" @ 6.10 


M 


8 


M 






— 


200 




2 plates. 12x f 




" ©15.30 


M 


2 


14 


9 


M 


- 


80 




12 plates, llx { 




^ @ 14.03 


M 


1 


M 


3 


M 


— 


210 




68 flats, 2ixA 




- @ 2.39 


M 


1 


M 


2 


M 


— 


190 




68 flats, 2ixj|^ 




" @ 2.39 


14 


1 


14 


5 


M 


- 


230 


1,370 


\st panel from top. 






















4 angles. 3x3 x^ 


- @ 6.10 


M 


20 


M 






— 


490 




4 angles, 3x3 xjj^ 


" @ 6.10 


M 


7 


M 


6 


M 


— 


180 




4 angles, 3x3 x^ 


" @ 6.10 


M 


11 


W 


6 


M 


— 


280 




2 plates, 15x \ 




- @19.12 


M 


3 


M 






- 


110 




12 plates, llx i 




•* @ 14.03 


H 


1 


M 


3 


M 


— 


210 




104 flats. 2ix^ 




" @ 2.39 


M 


1 


U 


5 


M 


- 


350 




104 flats. 2ix^ 




" @ 2.39 


M 


1 


M 


5 


M 


- 


350 


1,970 


2d panel from top. 






















4 angles, 3x3 x^ 


" @ 6.10 


M 


35 


M 






— 


850 




4 angles, 3x3 x^ 


" @ 6.10 


H 


13 


U 






- 


320 




4 angles, 3x3 x^ 


" @ 6.10 


U 


20 


U 


6 


M 


— 


500 




2 plates, 18x { 




" @22.95 


M 


3 


U 


6 


M 


« 


160 




12 plates, llx j 




" @ 14.03 


M 


1 


U 


3 


M 


— 


210 




160 flats, 2ix } 




•* @ 2.87 


M 


1 


tl 


9 


M 


- 


800 




160 flats, 2}xA 




" @ 2.39 


M 


1 


M 


6 


M 


- 


570 


3,410 


Bottom panel. 






















4 angles. 3x3 Xt/Jj 


"@ 6.10 


M 


42 


M 






— 


1.020 




4 angles. 3x3 x^ 


" @ 6.10 


M 


17 


M 


3 


U 


- 


420 




4 angles, 3x3 x^ 


" @ 6.10 


W 


23 


M 


3 


M 


- 


570 




2 plates, 18x } 




" @22.95 


M 


3 


M 


3 


M 


- 


150 




12 plates, llx 1 




" ©14.03 


M 


1 


M 


3 


M 


— 


210 




200 flats. 2}x i 




" @ 2.87 


M 


1 


M 


9 


M 


- 


1,000 




200 flats. 2}xA 




** @ 2.39 


M 


1 


M 


6 


M 


- 


720 


4,090 


Bottom strut. 






















4 angles. 3x3 x^ 


"@ 6.10 


M 


37 


M 






- 


960 




4 plates, 12x } 




•* @ 15.30 


U 


1 


M 


lOi 


tt 


- 


120 




100 flats, 2}x 1 




" @ 2.87 


M 


1 


M 


8 


M 


— 


480 




60 flats, 2}x j 




" @ 2.87 


M 


2 


U 


10 


«« 


^ 


490 


2.050 
13.320 


Rivet-heads, (4%) 












« 




530 



13,850 lbs. 



THE DESIGN OF A RAILWAY VIADUCT. 



16d 



Diagonals. 
12 angles, 
24 angles, 
6 plates, 
672 flats, 
672 flats, 
36 plates, 
Bottom strut. 

4 angles, 3x3 xf 
4 plates, 12x f 
104 flats, 2ix i 
60 flats, 2ix i 



One Set Longitudinal Bracing. 

LENGTH. 



3x3 xi-in.@ 7.20 lbs. 



3x3 x} 
18x I 
2Jx I 
2ix i 
llx t 



@ 7.20 
@22.95 
@ 2.87 
@ 2.87 
@ 14.03 

@ 7.20 
@ 15.30 
@ 2.87 
@ 2.87 



48 ft. 

23 " 
3 " 
1 " 
1 - 

1 " 

38 - 

2 ** 
1 - 

3 " 



6 ins. 
9 " 
8 " 
54" 

2 " 
1 " 
8 " 



4.140 
3,970 

480 
3.370 
3,210 

740 

1.100 
130 
500 
520 



15,910 



2,260 



Rivet-heads, (4%) 



Summary for One Tower. 
4 Posts. @ 17,300 

2 Sets Transverse Bracing. @ 13.850 

2 Sets Longitudinal Bracing. @ 18.900 



18,160 
720 

18,880 lbs. 



69.200 
27,700 
37,800 



134,700 lbs. 

Thus, the weight of one 31-ft. section of post with bracing ■■ 

* ^ - = 11,200 lbs., which is practically equal to that assumed 

for dead-load in the calculations. 

With the above estimated weights of the 60-ft. and 40-ft. 
spans and that of the highest tower, it will be a simple matter to 
obtain the weight of the complete viaduct. Referring to the 
estimate for post 94 ft. long, it will be foimd that the details 
at the top = 660 lbs., the details at the base = 2,070 lbs., and 
the intermediate details = 3,730 lbs. = 40 lbs. per lin. ft. 
With these figures, the weight of a post 63 ft. long may be esti- 
mated, thus: 

One Post, 63-ft. Long. 

2 18-in. I-beams @ 55 lbs.. 63 ft. long = 6.930 

Details at cap = 660 

Details at base = 2,070 

Intermediate details, 40 lbs. X 63 ft. = 2.520 



Rivet-heads, (3%) 



12.180 
360 



12,540 lbs. 
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The transverse bracing for this post would be the same as for 
the 94-£t. post, except that the bottom panel of diagonals would 
be omitte<i, and the bottom strut would be about 27 ft. long 
instead of 37 ft. Then : 

One Set Transverse Bracing for 63-Ft. Posts. 

, Top strut = 430 

Diagonals, top panel = 1,370 

Diagonals, 1st panel from top = 1,970 

Diagonals, 2d panel from top *> 3,410 

27 
Bottom strut, = 2,050 X ^ = 1.500 

8,680 
Rivet-heads (4%) = 340 



9,020 lbs. 

For the longitudinal bracing the weight of diagonals would 
be equal to two-thirds of that for the 94-ft. posts, but the bottom 
Strut would be the same. Tlien: 

One Set Longitudinal Bracing for 63-ft. Posts. 

Diagonals - 15,910 X § = 10,460 

Bottom strut = 2,250 



12,710 

Rivet-heads, (4%) = 510 



13,220 lbs. 



In cases where the bottom panel is of different height from 
that of the highest tower, the lengths of the transverse and longi- 
tudinal diagonals may be determined, approximately, by scale 
from a single line diagram, and their weights obtained by pro- 
portion. 



CHAPTER VIII. 

ADDITIONAL TYPES OF STEEL RAILWAY BRIDGES. 

It would be impracticable to treat in detail all of the various 
types of steel railway bridges; but some of the more important 
variations from the examples which have been considered in 
the previous chapters ^^l\\ be dealt ^ith briefly, in order to show 
how the principles therein set forth and illustrated may be 
applied to other problems. 

Through Plate-Girders. 

Through plate-girders are used in locations where the allowable 
height from top of masonry to base of rail is not great enough 
for a deck plate-girder. The width c. to c. of girders is governed 
by the clearance-diagram of specification. The floor is usually 
supported by stringers and floorbeams, as in truss bridges; but 
sometimes the ties rest directly on continuous shelf-angles, 
riveted to the webs of girders. When the shallowest possible 
floor is required, owing to limited headroom, the floorbeams 
are sometimes spaced about 15 ins. c. to c. and support the 
rails directly, the rails and guard-rails being fastened to a |-in. 
plate from six to seven feet wide and of the full length of 
floor, riveted to the top flange of floorbeams; or a ballast floor 
may be used constructed of trough-sections, in which case the 
rails are fastened to ordinary ties in the same manner as on the 
permanent roadbed. Ballast floors, however, are not con- 
fined to locations where the headroom is limited; but they are 
used* on all kinds of railway bridges. Although expensive to 
construct, the cost of maintaining them is much less than that 
of ordinary floors; and vibration and noise are greatly reduced, 
owing to the ballast which forms a cushion between the ties and 
the bridge-floor. The stresses in closely-spaced floorbeams and in 
trough-sections are somewhat indeterminate, for they depend 
on the relative stiffness of the rails and floorbeams. It is usually 
customary, however, to assume that the maximum wheel-con- 
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centration is distributed over from three to four feet of the floor 
longitudinally, and the beams or trough -sections are designed 
accordingly. 

A through plate-girder span in which the ties are supported on 
continuous shelf-angles riveted to the webs, or one with closely- 
spaced floorbeams or trough-sections, also riveted to the webs, is 
designed similarly to a deck plate-girder (Chapter II). Theonly^ 
difference to be noted is that, since there is no load applied to the 
top or bottom flange-angles, the flange-rivets require to be pro- 
portioned for the longitudinal shearing stresses only, and the 
maximum allowable pitch of rivets would be 6 ins. A through 
span without floorbeams should have latticed struts about ten 
feet apart and as deep as the distance from bottom of girders to 
base of rail will permit. The top flanges of the girders should 
be braced to these struts by gusset plates. In this form of girder, 
the laterals are most efficient when connected by gusset plates 
to the shelf-angles which support the ties. With closely-spaced 
floorbeams or trough-sections, no struts or laterals are required ; 
but there should be gusset plates about ten feet apart to stiflfen 
the top flanges. 

In through plate-girder spans ha\'ing stringers and floorbeams, 
the latter should not be more than fifteen feet apart, and they 
should have gusset plates to stiffen the top flanges, as before 
mentioned. The floorbeams should not be connected to the 
girders by the stiffener-angles, as such connections are unsym- 
metrical and Induce serious secondary stresses. The end con- 
nections should be made of two heavy angles, similarly to those 
of the floorbeams shown in Fig. 12. The inside stiffener-angles 
of the girders at these points should extend from their top flanges 
to the top of floorbeams ; and the gusset plates should be riveted 
to these stiffener-angles and to short angles riveted to the top 
of floorbeams at their ends. To determine the lengths of flange- 
plates for this class of girder, the maximtmi moments and re- 
sulting flange-areas required should be computed at each floor- 
beam connection. Then, using these areas as ordinates and 
the panel lengths (or distances between floorbeam connections) 
as abscissas, the curve of required areas should be constructed, 
from which the lengths of cover-plates may be scaled, as in Fig. 3. 
To determine the rivet-spacing in flanges, the maximum shear 
in each panel should be computed in the same manner as for a 
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trussed girder. Since the shear from one panel-point to the next 
is constant, the longitudinal shear at the flanges between these 
points is also constant, and the rivet-spacing should be uniform. 
As there are no vertical loads on the flange-rivets, they are re- 
quired to be proportioned for the longitudinal shear only. 

Through Warren Girders. 

Through Warren-girder bridges, as usually constructed, are 
not deep enough to permit of top-lateral bracing. In outline, 
the trusses are similar to that shown in Fig. 5, except the vertical 
end-posts and the end sections of top chord are omitted. The 
loads are applied at the lower panel-points, where the floorbeams 
are located. The floorbeams should be riveted to the vertical 
posts, which members are not subject to any direct stresses, but 
are required to stiffen the top chord vertically as well as hori- 
zontally. In order to give increased lateral stability to the top 
chord, gusset plates should also be provided, connected to the 
top flange of floorbeams and extending as high up on posts as 
the clearance-diagram of specification vn\\ allow. Sometimes 
outside braces (or wings) are provided for this purpose, but they 
are not here recommended, as they are of very little service and 
by no means ornamental. 

Deck Spans with Floorbeams and Stringers. 

In outline the trusses for this class of bridge are usually 
similar to that shown in Fig. 9, except vertical end-posts are 
provided and the top chord extends the full length of span. 
Sometimes the floorbeams are supported directly on the top 
chord ; but more frequently they are riveted to the vertical posts 
directly below the top chord. The top laterals should extend 
from end to end of the bridge, at which points substantial verti- 
cal brace-frames are required to transmit the total wind forces 
to the abutments. At the intermediate panel-points, light 
brace-frames should be provided to give additional stiffness. 
The loads are assumed to be applied at the upper panel-points; 
but in other respects the design is similar to that of the through 
span (Chapter IV). 

Pin-Connected Spans. 

For short spans pin-connected designs have generally gone 
out of favor on accoimt of their lack of rigidity ; but for spans of 
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over 200 ft. in length they are still considered to be the most 
suitable form of construction. They weigh less than riveted 
spans, as there is a considerable saving in the tension members; 
which are made of eyebars ; and the cost of erecting them is less, 
on account of the smaller number of field-rivets to be driven. 
The main members of pin-connected spans are designed in the 
same manner as those of the riveted designs given herewith, 
except that the pin -end formula should be used in determining 
the sections of posts. The details of the joints, however, are 
different. For method of proportioning pins and pin-plates, 
the reader is referred to the article on pin -connected spans in a 
previous work of the author's, entitled ** Bridge and Structural 
Design." Stiff lateral and sway-bracing is now used in structures 
of this kind, similar to that employed in riveted designs. 

In addition to the tj^pes of bridges already mentioned, there 
are suspension bridges, which are only used for ver}' long spans; 
cantilever bridges, which are used either for long spans or in 
locations where it is difficult to erect falsework ; arches, which are 
most suitable for crossing ravines ; and bascule bridges, which are 
principally used in cities, their main advantage over swing-spans 
being that they require less room. These types, however, are 
evidently beyond the scope of this work, as each would require 
a volume to do it justice. 



CHAPTER IX. 
THE LATTICING OF COMPRESSION MEMBERS. 

The failure of the Quebec Bridge, which occurred on August 
29, 1907, has emphasized the necessity of obtaining some logical 
and simple method of proportioning the lattice-bars of com- 
pression members, and has led to much serious consideration 
and study of the stresses therein. Hitherto there has been but 
little theoretical knowledge on this important subject, and there 
are probably few, if any, existing bridges for which the latticing 
has been proportioned otherwise than by rule-of- thumb. Speci- 
fications usually require that the width of lattice-bars shall vary 
according to the depth of the channels of which the compression 
member is composed, and that their thickness shall not be less 
than a certain fraction of their length c. to c. of rivets; that 
single latticing shall be set at an angle of 60® with the longitu- 
dinal axis of column, and double latticing at an angle of 45°. 
Thus no account is taken of the sectional area of the member, 
and a light one would be latticed with the same size of bars as 
a heavier one of the same general dimensions, which does not 
seem reasonable. Yet these rules, being the result of long ex- 
perience, are usually found to give results which are not far 
astray when applied to ordinary cases; but for members of 
large sectional area in comparison with the general dimensions 
of their cross-section, the size of latticing obtained thereby 
may, in some cases, be inadequate; and, for exceptionally large 
compression members, the designer has been left almost en- 
tirely to his o\vTi resources, with little to guide his judgment in 
the matter. 

Recently, however, there have been many communications 
in the technical press relating to this subject, with various 
isuggestions for dealing with the problem. In Engineering News 
of Nov. 7, 1907, Mr. C. T. Morris, Assoc. M. Am. Soc. C. E., 
Associate Professor of Civil Engineering, Ohio State University, 
gives a very clear and consistent method ; but which requires 
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to be somewhat modified, as indicated by the author in a letter 
published in Engineering News, Dec. 12, 1907. This method is 
easily applied ; it may be used in connection with any form of 
coltunn formula; and by it the latticing can be proportioned 
so as to develop the fiber-stress due to bending assumed in 
the particular formula adopted. The explanation of this 
method, in its modified form, is as follows: 

Coltunn formulas are based on the asstmiption that the 
coltunn bends tmder load, thus increasing the fiber-stress on 
the concave side and diminishing it by the same amotmt on 
the convex side. Then, in order that the mATitntitn fiber- 
stress will not exceed that allowed for a short block in com- 
pression, the permissible tmit-stress to be tised in determining 
the area of cross-section must be less than that allowed for 
the short block by an amotint eqtial to the additional fiber- 
stress due to flexure. In other words, the permissible tmit- 
stress at the center of gravity of the section should be such 
that the maximtun fiber-stress on the outer fibers will not exceed 
that allowed for a short block. In a column composed of two 
ribs, or channels, connected together by lattice-bars and loaded 
symmetrically, one-half of the total maximtun difference in 
stress between the two ribs at the middle-point of coltunn mtist 
be transmitted from one rib to the other by the lattice-bars; 
and the amotmt of stress to be transmitted is eqtial ta the 
difference between the average unit-stress at the center of 
gravity of the section and that at the center of gravity of either 
rib multiplied by the area of one rib, the tmit-stress at the 
center of gravity of a rib being proportional to the distance of 
this point from the center of gravity of the whole section. For 
a pin -end coltunn, which deflects in a simple curve, this stress 
must be transmitted in one-half the length of the coltunn; 
but, in a fixed-end column, it must be transmitted in one-quarter 
of its length, as the stress in the two ribs must be equal at the 
points of contraflexure, which are at the quarter-points, where 
the bending moment is zero. Then, for a pin-end coltunn, the 
increment of stress per lin. ft. of column to be transmitted by 
the lattice-bars is equal to the total amotmt of stress to be 
transmitted divided by one-half the length of column; and, 
for a square-end column, it is equal to the tot^ stress to be 
transmitted divided by one-quarter of its length. 
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The above theory will now be treated mathematically, using 
the following notation : 

/ » length of colunm in feet. 

A ~ area of cross-section. 

r = radius of gyration. 

% « distance from center of gravity of cross-section to center 

of gravity of either rib. 
n — distance from center of gravity of cross-section to outer 

fibers. 
p « permissible compression for short blocks, -> maximum 

outer fiber stress. 
p^ " permissible average compression per sq. in., by column 

formula. 
i = difference between permissible average compression per 

sq. in. at center of gravity of section and that at center 

of gravity of either rib, 

- (P - P,) A 

i « increment of stress per lin. ft. of column to be trans- 
mitted by the lattice-bars. 

5 — stress in each lattice-bar. 

y = longitudinal distance in feet covered by one lattice-bar. 

a -» angle which the lattice-bars make with the longitudinal 
axis of column. 

Then i (for pin-end colunms) — -jtj = —7- (1) 



f (for fixed-end colimms) — ^t-t- = — r— 

5 (for single latticing on two sides of column) 

iy sec a 
2 

s (for double latticing on two sides of column) 

iy sec a 



(2) 



(3) 



(4) 
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For determining the stress to be transmitted by the lattice- 
bars of short compression members (in which the length is less 
than thirty-six times the radius of gyration) />, shotild be com- 
puted in the same manner as for longer columns, notwithstand- 
ing the instructions to the contrary in the specification, Chap. I. 

Lattice-bars are subject to either tension or compression, and 
should be designed for the latter condition, using the column 
formula for fixed ends. 

The latticing of some of the compression members in the 
bridges treated of in the previous chapters will now be con- 
sidered. 

Taking for the first example the top chord member CD of 
the 150-ft. span, dealt with in Chap. IV, which is made up as 
follows : 

1 cover- plate 21xA ins. = 9.19 

2 web-plates 18x | " « 13.50 
4 flarge-angles 6x3 Jx A "« 15.88 



38.57 sq. ins. 

the web-plates being 14 ins. out to out, and the 6-in. 1^ of 
angles vertical; it will only be necessary to consider the lower 
part of the section, as the upper part is stayed by the cover- 
plate. Then, for the purpose of proportioning the latticing, 
the section may be considered to consist of 

2 web-plates 9x f ins. = 6.75 (14 ins. out to out) 

2 flange-angles 6x3 Jx A " = 7.94 (6-in. legs vertical) 

14.69 sq. ins. 

The distance from the neutral axis (through the center of 
gravity of the section and parallel with the web-plates) to the 
center of gravity of either rib = 7.34 ins. ; the distance to the 
outer fibers = 10.5 ins. ; the radius of gyration about this axis 
■» 7.57 ins.; and the length of the member = 25 ft. Hence 

I 25 

— =s =-r= = 3.3, which (by Table I, Chap. I) corresponds with 

a permissible unit-stress of 14,720 lbs. per sq. in. for square or 
fixed ends. Now 

A = 14.69 sq. ins 
X — 7.34 ins. 
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n = 10.5 ins. 

p = 16,000 lbs. per sq. in. 

Pi = 14,720 lbs. per sq. in. 

d = (16,000 - 14,720) X^T^ = 895 lbs. per sq. in. 

2X14. 69X875 , ... ,. ,• /* r , 

t = :jz = 1 ,050 lbs. per lin. ft. of column . 

The latticing is single and at an angle of 60*^ with the longi- 
tudinal axis of member; thus it will be found that each bar 
covers a length of 0.86 ft.; and, since the latticing is on one 
side only, 5 = i>sec a = 1,050X0.86X2 = 1,800 lbs., which is 
the stress in each bar. The drawing (Fig. 12) calls for 2Jxj-in. 
lattice-bars. The area of one bar = 0.94 sq. in.; its length 
c. to c. of rivets = 1.73 ft.; and its least radius of gyration = 

/ 1.78 
0.11 in. Then — = r;r-rT = 15.7, which corresponds with a 

r 0.11 

permissible unit-stress of 5,400 lbs. per sq. in. for square ends; 
and, since the area of a bar = 0.94 sq. in., its value in com- 
pression = 5,400x0.94 = 5,070 lbs., being niuch greater than the 
stress as figured above. 

The latticing of the main posts of the Railway Viaduct 
(Chap. VII) will now be investigated. The posts are constructed 
of two 18-in. I-beams @ 55 lbs. = 31.86 sq. ins., spaced 15.5 
ins. c. to c, and their greatest imsupported length is about 
30.5 ft. The distance from the neutral axis (through the 
center of gravity and parallel with the webs of I-beams) to the 
center of gravity of either rib = 7.75 ins.; the distance to the 
outer fibers = 10.75 ins. ; the radius of gyration about this axis 

=» 7.85 ins. ; and — = ' ^ = 3.9. The specification requires 

that the pin-end formula shall be used in designing trestle posts,, 
which is not on accoimt of their being less firmly fixed at the 
panel-points than many other compression members assumed 
to have square ends, but because of the somewhat unsymmetrical 
application of the load. Therefore, to be consistent, the same 
formula should be employed in determining the stress to be 
transmitted by the lattice-bars, assuming that this stress is' 
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transmitted in one-quarter of the unsupported length of the 
member, the same as for any other square ended column. By 
reference to Table I, the permissible average unit-stress is found 
to be 12,870 lbs. per sq. in. Then 

A = 31.86 sq. ins. 

X — 7.75 ins. 

« = 10.75 ins. 

p = 16,000 lbs. per sq. in. 

p, = 12,870 lbs. per sq. in. 

d - (16,000 - 12,870) X:^^ = 2,250 lbs. per sq. in. 

10.70 

2X31.86X2.250 , -^ ,, y t. c y 

% = ^7j-^ =* 4,700 lbs. per lin. ft. of column. 

oU.o \ 

The latticing is single, and inclined at an angle of 60® with 
the longitudinal axis of the member; but it intersects some 
distance beyond the center of gravity of the individual ribs, 
thus permitting of secondary bending moments therein. These 
bending moments would be greatly reduced if the ends of the 
lattice-bars overlapped instead of abutting, as shown in Fig. 21. 
It is seldom practicable to design the latticing so that it will 
intersect exactly at the center of gravity of the ribs connected 
thereby, but this condition should be realized as near as pos- 
sible; and, further, the lattice-bars should be connected directly 
to the tie-plates without any intervening space. By referring 
to Fig. 21, it will be found that each lattice-bar covers 1.5 ft. 
of the post; and, since the latticing is on two sides, the longitu- 
dinal component of the stress in one bar = — ^ '— = 3,525 

lbs. The stress in each bar is equal to this latter figure multi- 
plied by the secant of 60^, = 3,525X2 = 7,050 lbs. The lat- 
ticing shown is 5x^ ins. The area of one bar = 2.19 sq. ins., 
its radius of gyration = 0.126 in.; and its length c. to c. of 

/ 19 

rivets =1.9 ft. Then — = ^ ,' = 15, which corresponds 

r 0.126 

to the unit stress of 5,710 lbs. per sq. in. for fixed ends; and 
the value of each bar in compression = 5,710X2.19= 12,500 
lbs., being greatly in excess of the stress attributed to it. 
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The next example will be a heavy column of comparatively 
small general dimensions, made up as follows: 

2 web-plates 24xJ in. = 42.00 (16 ins. out to out) 

4 flange-angles 6x4xJ " = 31.96 (6- in. legs vertical) 

2 filler-plates 12x4 " = 21.00 (between flange-angles) 

2 outside plates 22x4 " = 38 . 50 



133 . 46 sq. ins. 

The distance from the neutral axis (through the center of 
gravity of the section and parallel with the web-plates) to the 
center of gravity of either rib = 8.55 ins. ; the distance to the 
outer fibers =12 ins. ; the radius of gyration about this axis = 
8.33 ins.; and the length of the column, which is assumed to 

/ 30 

be fixed at the ends, = 30 ft. Now — — ^-^ = 3.6, which 

corresponds to the unit-stress of 14,500 lbs. per sq. in. Then 
A = 133.46 sq. ins. 
X = 8.55 ins. 
n = 12 ins. 

p =» 16,000 lbs. per sq. in. 
/>^ = 14,500 lbs. per sq. ins. 

Q RE 

d = (16,000 - 14,500) X-J2" ^ ^'^^0 lbs. per sq. in. 

2 Ad 2X133.46X1.070 ^ ._. ,, ,. . . 

X = — 7— = 7^ = 9,550 lbs. per Im. ft. of 

^ "^^ column. 

With latticing at 60°, the length of column covered by each 

bar = 1 ft. = y\ and, since the column is latticed on two sides, 

t>seca 9,550X1X2 ^ -.^ ,, 
s = -^^—^ — = = 9,550 lbs., 



which is the stress in each bar The length of the lattice-bars 
c. to c. of rivets = 2 ft. = 24 ins., and their required thickness 
(by Art. 23 of specification) =24/50 = J in. Their width is not 
specified, but it will be assumed to be 5 ins. Now, the area of 
one bar = 2.5 sq. ins.; its least radius of gyration = 0.145 in.; 

/ 2 , 

and — = ;r-7T? = 13.8, which corresponds to the unit-stress of 
r 0.145 
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6,34P Ib^ per sq. in. for fixed ends. Then 6,340X2.5 = 15,850 
lbs., which is the value of one bar in compression. The ends 
of these bars should lap over one another, and they should be 
connected to the flange-angles by two |-in. rivets passing 
through two adjacent bars. 

In all of the foregoing examples it has been shown that the 
latticing of compression membeis of moderate dimensions, pro- 
portioned in accordance with the specification contained in 
Chapter I, is of ample strength; and it is reasonable to suppose 
that equally satisfactory results may be obtained for members 
of any size by employing the method of proportioning the 
lattice-bars herein set forth. 
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